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ABSTNACT

Rearing studies of queen honey bees were done using a baslc

queen rearing system. Measurenents were taken of eertain exbernal

characteristics of both pupae and adult bees.

lbree genetfc lines !¡ere co¡npared and there was a significant

difference betr¡een the 1ines for most of the exbernal characteristics

measu.r€d.

The externat norphological characterlstice Ì{ere neasured for

pupae and adutt bees prod.uced from young larvae starved sis hours, prlor

to being placed in queen ce}ls; these \,¡ere compared r¡1tb control treat-

ments (young larvae placed directly on a l¡1 royal jelly and distjtled

water mÍ:cture). One of the tr¿o e>çeriroents showed a signifieant dif-

ference betrÍeen the eontrol and the starvation treatnents for most of

the characterístics measured.

A series of experÍments was d.ons to study the effeet of plaeing

young larvae in one, two, and three day o1d queen eells. A slgnlfieant

Íncrease in the weight of royal jelly in one, two, and three day oId.

queen ce1ls was found. There was no signlficant difference for most of

the extornal pupal and ad¡rlt characteristics neasured in the control

treatnents and. those produced from placiag young larvae in vari-ous loca-

tions on the royal jel1y ln queen cells. A eomparison of the pupal and

adult external eharacteristics of bees produced. from control treatnents,

to those of bees produced from plaeing young larvae ia one and two day

old queen ceIls, gave no signifj-cant dlfference betr¿een treatments for



most of the cbaracteristics m€asured.. The nunber of adrrlt bees produced

per nunber of yotrng larvae placed in three day o1d queen ceLls was much

snaller than the nt¡nber of adults prod.uced fron eontrol treatnents.

There l¡as no significant dÍfference in nost pupar and ad.r:lt

characteristics measured for bees produced. from control treatments ard

bees produced fron placÍng young larvae in one day o1d queen cells,
(ndouble graftingr). ft r¡as therefore suggested that under nornal reâr-

ing eonditions ndouble graftingtr, which requires exbra work for the queen

produeer, does not produce significantry higher quality queens than

queens reared from control treatments,

The value of these findings to the beekeeping lndustry and their
relationship to queen - r¡orker differentÍation ís diseussod.
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CHAFTER I

IMRODUCÎION

The queen honey beo is an integral part of a norrnal honey bee

eolorly; the síngularity of her presence makes her a subjeet of special

sci-entific interest. 0f equal or gteater i-mportance ls that the queen

perforus the major fenale reproduetfve role in the colory, and there-

fore she is essentiar for the r,¡elfare and development of a nor-maI

colory. The relationship between the queenr s reproductive capaeity

and honey production in tho colony is extremely fmportant to the bee-

keeplng industry itself. The queen also cont,rols the produetion of

gueen cel-ls and laying workers by means of her scent aad the secretion

of rrquoen substancetr from her mand.lbular glands. Thus a fuIler know-

ledge of queen rearing is desirable in order to better understand her

physiology, functions, and performance.

The problem and its inportance

The purpose of this study was to show by measurements of pupal

and adult erternal morphologieal charaeteristics:

r-) The effeet on the queens of rearing then from larvae of

different genetic stocks,

2) the effect on the queens of rearÍng then from young rarvae

starved prior to being plaeed Í-n queen cel1sr ad

3) The effeet on the qÌreens, of rearing them from young larcae

in one, two, and three day old queen cells.



The queen rearing industry is an essential part of comnereial

beekeepíng in North Anerica" EverXr y€ar, thousands of queens are

reared and used to found new eolonies for honey and wax production.

Therefore it has beeome increasingly necessary to better understand

the faetors rdhich influenee the produetion of hlgh quallty queense so

that reeomnerdations can be nade to qusen breedors concerning the best

queen reari.ng proeed.ures to follotr,.

To date llttle or ao d.ata has been published pertaining to

whether genetic stoek affects the qualíty of the queens producedo as

to whether the possible starvatioa of larvae prior to placenent, in

quesn eel1s affects tho quality of gueens prod.uced, or as to whether

the placenent of a young larva j-a a one day old gueen cel1 (¡rdouble

grafting") is necessary to produee high quality queenÉo



OIIAPIER IT

QUEEN REARING MgrrioDs

A. Review of literaturex

The first seientifie aecount of the natural history of the honey

bee r+as written by Aristotle, (384 - 322 B.C.) vbo thought that a hive

was ruled by attKlngn bee. It r¡as aot untÍl 16@ that Ertler found that

the colorqr lJas perp€tuated by a trQueenerr.

Sr¡ammerdam, in tbe seventeenth century established eonelusively

the sex of the qìleen. Ín L77I SchÍrack showed that the queen conld be

reared from larvae in r,¡orker eells and about the sane tÍ.ne Huber beeame

the first nan to transfer larvae from worker cells to queen cells and

produce qüê€rr6o

Quinby (L853) advocated the use of swart cells to produce queens

also descrlbed how queen cells could be built þ queenless colonies

were given fliall pieeos of comb contaíning eggs or young larvae

queenright colonÍes.

I¡rch (feZe) first used the term rrgraftingtt to refer to the sub-

for tbose for¡nd i-n naturally built queenstitution of worker larvae

cells.

Some of the nore f.urportant nethods of queen rearfng inclrrded

the Alley, the l{i[ler, the Snitb and the Ðoolfttle systens.

ThetrAlley systentt, suggested by Henry nlley (L9l?), involved the

rearing of larvae directly from the eells in whieh tbe eggs had been

and

that

fron

tartly from Laidlaw & Eckert, (fg¡O).
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laid; strong queenless colonies were used for ceIl buiLders.

The ItMÍIler system" r (1912) was sÍBilar to the trAllsÍ systenrr

in that the larvae were alloued to remain 1n the cells of the r¡orker

conb i¡ r"¡hich they hatched, but instead of cutting up and attaching

strips of eomb eontainíng eggs and larvae to fremes (as ín the rAlley

systemrtr ) he used. pieces of wax fourdation on r,¡hich the queen laid.
After several days tho outer margins of the eonb, contalaing eggs, were

cut away and. the remainlng young lar:vae and conb placed. in a eeLL build.-

lng colony.

snith, (Lg/+g), adopted the rArlêy systenrr for large scale queen

prod.uetion. He eonfined the queen to a small conpartnent of a larger
hive, and foreed her to lay on nekr eonb. Ee then cut the eonb j¡to
strips r¡hich r,rere attached to bars. He used a swarmbox or queenless

hlve for his starter colony.

DoolÍttle, about 1820, developed an inproved, systen. ile nade

artifieial gueen eelIs of wax, attaehed twerve queen ceLL cups to a

bar, and plaeed, the bare into a fra.ne the upper portion of r¡hj.ch eon-

tai¡ed conb. Ee tben placed a small amount of royal jelry into eaeh

cell cup and trensferred larvae under 36 hours of age into each of them.

He found tbat eelle built in the seeond. storey of a strong eolony (in
uhieh the queen was eonfi-ned, to the lower ehamber by a queen exeluder)

gave the best results.

Although laldlar.¡ and Eckert (1950), described narqr fundamental

queen rearlng metbods, the opfnions, practieal e:çerienee and researeh

of nany people not nentloned. have also nade vaLuable contributÍons to



the queen rearing industry"

Volosevich (1954), publi-shed, ttAn Evaluation of Queen Rearing

Methodsrtr and classified the methods in the following order according to

quality of queens produced.; induced swarming, double grafting, queens

raised without transfer, and queens raised from grafting once (on honey).

B. Classification of oueen rearing nethods

Today many of the queen reari-ng systens make use of the good

points of several systems naking a definite classÍfieation of different

queen rearing methods diffieult. I have devised. the following system for

classi-fying the varlous nethods of queen rearilg.

a) The ProductÍon of Queens by Naturat Methods.

Queen rearJ-ng und,er rrnaturaUr conditions involves the rearing of

queens wÍthout the transferring of individ.ual eggs or larvae to other

cells or by cutting up and transfeming the cornb containing them. Rear-

ing quoens und.er ttnstur'¿ltt conditions makes use of the swarming, super-

sedure or queealess behavlour of honey bees.

b) The Produetion of Queens by Artifieial Methods.

the production of queens by ¡tartifieialtr nethods involves the

rearing of queens from the naniprdation of individual eggs or larvae. The

si.Iamlingr supsrsed.ure, or queenless behaviour of honey bees rnay be utll-
i-zed, but grafting andr/or cutting up of the comb by the beekeeper is aI-

ways involved.

At present there is a good deal of controversy as to whether

queens rearsd ur¡der natural cond.itions or queens reared under artifieial
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conditi-ons are best for building up colonles for honey prod.uetion. See

Anbruster (L953), Sauvin (L956), Maly (195S), Iævicheva (fg6t) and.

Bilash (1963).

Sauvin (lgS6), stated that virgin queons shor¡ed no consistent

d.ifference in weÍght aecording to their rearing eonditlons during swarm-

ing, during supersedì¡re, during an emergency (e.g", r,¡hen the queen dies)r

or in eomrnercial methods.

MaIy (1958) and. Ambruster (1953), both recommanded the use of the

rrswa:rning impulserr for produci.ng excellent queens.

Levichova (1961), conpared the weights of queens reared und.er

natural and queens reared under artiflcial conditions:

'"i:: iäl:ä ilïñË" _
Swarm 27 172 t z gms.

Emergency 22 t63 ! Z gms.

Arùificiat 7O l8l ! 1,8 gns.

Altogether L37 gu€ens Írer€ raared under artifieial conilitions and

their average weight was 19110.9 gms" Fron the data obtained he con-

cluded that queens reared under artifícial conditions were superi.or to

queens reared under natural conditions.

Bilash (f9$), found. experlmentally that sr.rarm queens uere

heavier and had nor€ ovarioles than those reared unds¡ artificial con-

ditlons,

i) The Tr¡o colony systen for Reariag Queens under .ê,rtificial

Conditions.
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lbe two colony systen of queen rearing involves the use of a ceIl

starter and a cell finisher color¡r. The cel} starter is a queenless

colorry into whieh the grafted larvae are placed first and aceepted. It

is here that the bullding of the queen celI is begun. The eell finisher

colonies are strong queenright colonies with the quoen confined to the

lower box, In these colonies feedíng of the larvae is eoncludad and the

cells are capped.

Philllps (1948) used a two colony system and, transferred aecepted

larvao fron the cell starter colonies (in r¿hich the quoen had been tem-

porarily caged) to the celI finisher coloniosr 2/¡ hours after graftlng.

Holzberlein (1958), r¡orked r¡ith units of five colonies eonsist-

ing of tr.ro celI starters, two eelI finishers and one nurse eolony to

supply brood to the eell finishers. He reeommer¡ded the use of double

grafting for prod,ucing good qu€ens.

Bilash (L963), also advocated d.ouble grafting as being a good

nethod of produeing high quality queens.

ii) The One Colony System of Rearing Queens rrnder Artifieial Con-

ditions.

Newell (l)/r7), doscribed the ilInduced-supersed.ure lufethodrr of

qìreên rearing in which the queon is removed fron a colorly after whieh the

bees rear queens on fron 3 +,a 9 conbs.

Gontarski (L952), suggested making a colony queenless, puttlng 1n

a frame of selected. eggs, and letti'g the boes ineubate and raise them.

Later, the queen cells were punehed out and the qu€ens allowed to energe.



Shcberbina (1950), dequeened nurse colonies 2d hours before the

grafted larvae were placed in the¡n. He found, however, that it r¿as

better to dequeen 2 to /o hours before grafting and thus prevent too many

bees from deserting the hlve"

C. Miscellaneous oueen re.aring_¡e'!,hqds

In the rrStanley systemrt of queen rearing, (once the initial graft-

ing of the larvae is done), tfre hive is not affected by adverse r¡eathor

conditions, because frequent opening of the hive is not neeessary to re-
plaee or renove cells. This, of course, red.uces the amount of labour

required as well.

rn this system a speeial ttstanJ.ey Patent cerrrn is used, cons5-st-

ing of a thin ¡netal tube r¡ith one end. sharpenod; on the other end is

fixed a Perspex t1p. Tbrough the tube passes a conblned cap and prug"

Any worker cell cut out by the tube is retained. inside it and is pushed.

through to the tip by tbe inserbion of the cap.

A swarm box r¡ith a speci-al suarm box cover made of Perspex is used.

The Perspex is perforated so that the trstanley Patent Cells'r ean be pushed

through the ho1es.

Bror.mridge (L953) n doscribed rnrhat he called. the nMorris Boardrt

method of rearing queens. The apparatus enabled flying bees to be direeted

to the upp€r box, instead of to the lor+er brood. cha¡nber from r,¡hich they had

cone. They could then bs isolated in the top box by a sliding board.

Thus the queenless top part of the hive had narqr bees and queen eells



eould be started in it on a frame of eggs from the breed.er queên. After

the cells were started, the board was renoved and the bees r¡ere allor¡ed

access to the remainder of the hive through a queen excluder.

D. Types of oueen ceII euos

the types of queen cell eups used. in artifíe1a1 queen reari-ng

nethods have been studied by Taranov (1949), Vuftlarme (1956), öråsi-páf

(1958), Bunnistrova (1960), and Inoue and fnoue (Lg6j).

Taranov (r9/+9), touna that long celrs were detrlmental to the

larvae, because they could not feed duing splnning. He rÍsted eell
volumes as fol].o¡¡s:

Sr,¡arrn queen cell volume 8Z/+ cu.rnmo

Queen cells i^rhen a shortage of nectar 728 cu.mm.

lrlorker cells or larvae when queenless Z}5-SJ:O ct¡.rìm.

ArtifÍcially reared queens 861 cu.nm.

Vuillaune (L956), found. that i¿orker bees preferred eells with

rounded rather than flat bases, and cylindrical rather than hexagonal

shaped cells. the optJ-mwû spaee betinreen cells was 2 cn. and. the naterial
used to make the cell eups r¿as of little importanee. He found. that

aceeptanee Idas not inhibited by the presenee of the queen, ad r¡as better

if the cells were plaeed in the hive overnight before grafting; presumably

to aequire the hive odor. He found (L957) that if he used a short cup

r¡ith too r+lde an opening the bees partly closed it and if a long eup r¿as

used the bees built !Íax on the inside. He also stated that the pereent-

age acceptance was affeeted by the shape of the queen cell cup.
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Orosi-Pál (1958), stated that more queens are obtained from

grafted cups than fron hung r¡orker cells.

Brr:mistrova (f960), conpared nornal queen cell cups with reduesd

or shorbened r¿orker cells, by grafting 1 to 1$ day o1d larvae into both.

He renoved the royal jelIy and found Jla.l¡ mgs" ln the nor:nal queen eeII

cups and 11.6 mgs. in ¡¡orker eeIls, the sides of whleh had. been eut down

prior to grafting. Queons fro¡n nornal cells were heavier (145 mgs.)

than queens fron 'rcut downrt worker cells (13? mgs.) and they also

possessed a greater number of ovarioles (e41 to 19?).

Inoue and Inoue (1963), studied the utllizatÍon of plastie queon

eell eups for royal jelly prod.uction and noted acceptance and the mean

weight of royal Jelly per cell as follows:

Plastic ldax
queen cell cups ouqen cel-I eupg

Aeceptanc e 9j.3il

Average weight/cell 335.5 øgs.

75.9i¿

36/+.6 mgs.

E. Sueen reari¡le methods used i¡ this study

A single box breEder colony, (Figure 1r1), ln which the queen was

confÍaed to a one frame excluder (Figure Ir3), r¡as used. Tho queen cells

were started and finished in the sarne cell buil-der colonies, (Figrrre LrZ).

These w€re gueenright colonies r¿ith the queen eonfined. to the botton box

by an exeluder. The eolonies r.¡ere very populous and up to five boxes

above the exeluder were present at the end of the season. Framesr con-

taining larvae for grafting, were renoved from the breeder col-onj-es ard

plaeed in grafting stands (nigure 2r1). Lervae, under 6 hours o1d
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(Chapter V page 32), wete lifted r¡ith a grafting hook from a conb and

transferred into plastie queen cell cups whieh contained a small drop of

1¡1 mirbure of royal jelly and disti-Lled water (figure 2r2). the frames

containing the queen eell cups were placed in the top boxes of the ceLl

bujLder eoloni-es, with capped brood on both sides of the frame. The

franes were removod fron the hives when the cells were capped (Figr:re 2r3),

and the eeLls plaeed in an ineubator kept at 3ZoC and approxírnataly goi¿

. relative hwnidity. Eaeh eell was rônoved fron the frame aad plaeed

hanging downwards in a glass vial large enough in diameter to allor¡ the

wax tlp of the eell but not the plastic base to enter the vj-al. The

adult bees were removed. from the vials and preserved in F.A.A. solution

in smaller via1s, soon after enorgencso
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CHAPTER ITI

MEASUBN'ÍENIS

The honey beo has tr¡o female castes, the r¡orker and the que€n.

Sometinss, bees intermediate in fonn between worker and queen are found.

(nhein 1933r r95r; Komarov 1935;'tüeaver L957¡ smith ]959). A review of

characteristícs used in differentiating betr¡een these forns follows.

A. hIETGHTS

lrteights obtained with larvae that had just conpletod their
cocoons or with nature pupae were found nore satisfactory criteria than

adult weights for differentiatíng between workers, intercastes, and

gueens (Jay 196l).

. B. THE HEAD

, Vagr (Ig55), Lukoschus (fg56), and Naulleau (19óO), found that
:

. the head of the queen was somer¿hat rou¡d as compared to the more trtan-
' gular head of the rnrorker.

' yagt (tg55), found that if the width and length of the head were

talcen as a ratÍ.o, queên and worker head measursments d.iffered.. He was able
I

I to elassify adults as perfect or parbiar queens on this basis.

Lukoschus (f956), and Naulleau (1960), observed that the ocel1i

of the r¡orker were on the vertex of the head, but on the frons for the

queen.
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C. THB ABDOMEN

Smith (L959), stated that the abdomen of the queen was rela-

tively long and slender conpared with that of the ¡¡orker.

Weaver (f955, L957), used abdoninal breadth and length as an ald

in classifylng workers, intercastes, and queons.

Lukoschus (nft), measur€d. length, height and width of the ab-

donen and obtained the following results:

Queen: 13-18; 5, J.J mn.

lforker: 8-10; 3-l+¡ lr mm.

Ð. THE APPENDAGES

1. Appendages of the head

a) The Proboscis (tongue length)

Rhein (1933 ) r stated that a short tongue r.ras an i.nportant queen

charaeteristlc. IIe measured it fron the end point of the mandible to

its distal end.

Smith (L951+), and. inleaver (L955, L956, L957), also used proboseis

length as a eriteria for classlfying workers, lntercastes and gue€ns.

snith (L959), found, however, that the length of the tongue was the nost

varfable charaeteristie neasured and that it was not always a reliabl-e

indieator of the degree of r,¡orker-like or queen-I1ke dlfferentiation.

He found that measurements of the tongue were most easily and. aceurat,ely

measured in the pupal stage and he measured them from the tips of the

mandibles to the distal ends of the tongues. Jay (Lg6lr), has also used
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this neasu¡enent for classifying worker, intercaste, and queen pupae.

b) The Mandibles

Rhein (tgtl), Komarov (L935), Lukoschus (1ç56), Snodgrass (1956),

S¡nitb (f959)e and Naulleau (1960), described the mandibles of the queen

as having a large noteh or toothed projectj-on"

Komarov (L935), Lukoschus (1956), and Snith (L959), described

the mandibles of the worker as being rounded and lacking a notch or

toothed projeetion. NauJ-leau (1960)r ad Snodgrass (1956), described the

worker mandible as beÍng large at the base, narrowing¡ and then becoming

r¡ider again at the erbremity, which was rounded. Smith (J959), and

Naulleau (1960), described intermediate forns as having slight'ly toothed

mandibles.

2. Appendages of the t_horax

a) Tbe Metathoracic tegs

Rhein (L933), Komarov (tgl5), Vagt (L955), Snodgrass (1956), and

Srnlth (L959)¡ stated that the hind leg of the worker differed from that

of the queen by the pr€sence of a pollen basket and pollen brush. Rhein

(1933) and Lukoschus (1956), deseribed the pollen brush of the r+orker as

being made up of ten ror,rs of long bristles, but Snodgrass (1956), and

Snith (L959), fourd that the fírst segment of the tarsus had nine rows of

bristles which for¡ned the pollen brush.

Vagt (1955), and Ìnleaver (tgSZ ), measured the ratio of the length

to width of the tarsus. Vagt (1955), toun¿ that the mean value of this
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ratio for swarm queens was 2.3ù268 and. for r¿orkers I,77639. He found

that the index from larva $ to 1 day oId, which produeed queens, was

2.29865 and 2.285?8, respecti-vely.

Naulleau (1960), has shor,ne the difference between the hind ]egs

of workers and queens in diagrams.

E. OTHER CHARACTERTSTICS

A nu¡nber of otber eharacteristies were revie¡nred but r+ere not

chosen as eriteria for use in this thesis"

Þtreaver (1955 t L957 ), used. abdonri-nal breadth as a criteria for
classi-fying workers, intereastes and queens, and Lr:Ìosehus (Lgs6),

measured the height and width of the abdomens of r,¡orkers and queens.

Kresok (1952), defined body size by using the length and r¡idth

of the third aMoninal terglte. Bornus (rg6o), took the sum of the

wldth of the third and fourtb abdomlnal tergites as a measure of body

size, and gave eorrelation coefficients between this and other charac-

teristics (i."., the width of the fo¡¡rth sternite, the width of the

forewing, the length of the forewing, the eubital index, the rengtb of
grossa, and the area of r¡ax prates on the fourth sternlte).

Koshevníkoff (L9a5), cited þ Komarov (1935), and Naurteau (1960),

compared the sixbh abdoninal sternite of the queen with that of the

worker. Komarov (1935), examined the third and fourth abdominal sternites

of the queen and studied the wax glands of workers and interrned.iates.

l,ukoschus (f956)' measured the r¡idth and length of the third. abdonlnal

sternites of queens and r,¡orkers.
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Snodgrass (tgS6), I^Ieaver (nff , 1957), Smith (L959), and Naulleau

(1960), described the differances in the nu¡nber of barbs and the shapo of

the stings, between the worker and. the queen.

F. MEASURÐ4E¡TI USED IN THIS THESIS

Tho sxbernal norphological charaeteri-sties of the b.oney bees

obtained in this study ì,¡ere measured r¿Íth a binocular microscope having

an eye piece fitted r¡ith a linear scale. The eharacteristics rneasured

r¡ere chosen on the basis of si-npllcity of measurement, degree of accuracy

obtaiaed, and their value as indicators of d.imorphie diJferentiation. The

msasurements used are listed below.

Pupal- neasurenents

1. Iength of tongue:

This r^¡as measured from the base of the mandibles to the tip of
the tongue. Figure 311.

2. Length of abdomen -- side vler¡:

This r¡as measured from the small anterior iadentation of the

seeond true abdomj¡aal tergite:

a) along a line parallel r¿ith the axis of the body, to a point

r¡here a perpendicurar from the tip of the abdonen (exclusive of the

sting shaft) intersects. Figrrre 312.

b) along a straight line to the tip of the abdonen (exclusive

of the sting shaft). Figu¡e 3r2.
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3. Length of pupa:

The surn of tbe length, fron the small anterlor Lndentatlon of

the seeond true abdominal segment to tbe frons of the head.r aul the

abdoninal neasurenent (a). FÍgure 312.

/+. Weight' of pupa:

This was nsasured !n milligrans about 3 days after pupation.

The number of days after pupatlon r¡as estlaated þ the appearanee and

color of the pupae (Iay LÇ62).

Adult_eee_gurgngnts

All adult bees r+ere placed. in snall vials and proservad i¡

F.A.A. soluti.on soon after emsrgenee.

5. The head - anterior view:

a) Wiatn: this wae measured across the ¡¡idest parb of the

head fron one lateral edge (parietal area) of the head eapsule to the

other. Figure. 4rL.

U) i.engtit: this was uleasured fron the verbex of the head to

the distal edge of the labru¡n. Figure lrrL.

6. The basitarÉ¡us:

the large first segnent of the tarsus of the hind Leg, of whleh

the inner surface of the right hind basitarsus r¿as mea$lred.. Figure lrr2.

a) Length: this was measì¡red fron the outer tip of the aurlele,

along the outer portlon of the basltarsus, to its most distal point.

Figure , l*¡2.
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U) Wi¿ttr: this was a perpendicular measurement from one nargin

across to the other, at the widest part of the basitarsus which hras ap-

proximately one half to three fifths of the total length from the prox-

inal end. Figure /¡r2"

Other data recorded for specific tests included larval mortallty,

the ti¡re of cell capping, the length of the cel}, and the total develop-

mental time.
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FÏGURE 3

PUPAL MEASURE}EIVIS

'l *
t

Length of tongue .,

a. length of abdomen (ai)
b" length of abdomen (b¿)
and total length of pupa
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FIGURE 4

AD Ui.Il T.ÍEAST.IBM'TE}ITS

Head
a. v¡idth
b" length

2 " Besit,arsus
âo length
b, r'¡idth

t"



CITAPTER TV

TEE IMPORTANCE OF GENEIIC L]NES Ii{

THE PR0DUCTIoN 0F QITEENS

I}NMDTIOTION

Bionetrieal studles of queen honey bees were eonducted. to

conpare the external morphologÍeal characteristies of queens prod.ueed

fron larvae of different genetle lf.nes.

Methods and. results

Que€ns produeed from larvae of A, B and C genotic línes r¿ere

conpared. A and B r¡ere separate genetic lj-nes produeeil from erosg:lng

inbred Italian r¡1tb inbred. Carniolan stocks, and line C was an ltal-
ian hybrid. queen, selected. arbitrariJ.y fro¡n one of the paekages of bees

received Ín the sprlng.

The basic qu€sn rearlqg nethod described 1n Chapter II, page 10

was used. Four e:çerinents were condueted cmparing llnes A to B (tr¡o

replicates), A to C, and B to C; the larvae for all enperi.nents r,rere

plaeed j.n one hive, where tbey renalned untÏL tbe ce]-ls were eapped.

Each erryerl¡ent consigted of two treatnents, sÍx larvae per treatment,

with exbra larvæ grafted to servE as replacenents in the evsnt of eart¡r

nortality.

The results ar€ shor¡¡a on Tables I-VI, i¡cluslve. The neans,

standard deviations, and I test, probabílíty values r¡ere calculat,ed..
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Experiments I and /¡ were conbined¡ there was a signifleant differenee be-

tween lines A and B for the length of tongue, weight of pupa, width of

head, and length of head. fn experinent 2 there l¡as a sígnifieant dif-

ferenee between the length of body, length of tongue, length of abdomen

a(¡'), weight of pupa and length of head of lines B and C. A signifícant

difference r¡ras found betneen li:aes A and C for the weight of pupa, width

of head, and length of head in experiment 3, (See Table VI.).

Diseussions and eonelusions

There vras rlo signlficant difference between lines in any slngle

experínentr ê"g., A to B (tr,ro replicates combined), A to C, or B to C,

for length of abdo*"o (ul), length of basitarsus, wídth of basitarsuse

and length of eell, suggesting that these measurenents might be fairly

constant for most genotic straÍns" In every case, where a signifieant

differenc€ r,¡as found betwsen genetíe lines, the average pupal and adult

measurements of C were greater than B, and. those of B and C r¿ere greater

than A genotic tines, (i"e., C ) B >A). See Table VI. (r* ceer'o- i)

The results appear to indicate that size differonces do ercist

between some genetic lines and that pupal weight is one of the best erl-

teria for separating genetic lines (taUte VI. ). The results shol¡ highly

significant T test probability values for pupal weight betr,¡een the three

strains tested; of inportance too is that the measurements can be made

early in the development of the queen.

(") 1>C FcrÂ Hf¡{:Ì tÉt't6lN
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CHAPTER V

THE EFFECT 0N QIIEENS t,iHEN REARED FnOM

STABVED AND NON-STARVED I.ARVAE

INTNODÜCTTON

Stunted or dr,rarf worker bees are very colunon in package bees

Ín the spríng. They develop this way due to poor food suppliesr €s-

pecially lack of pollen caused by poor weather eonditions. adverse

r,¡eathor conditions also eause a shortage of food for feeding young larvae,

used for grafting in eonmereial queen rearing. therefore, a strrdy was

made to determlne the effect of starvation on young larvae prior to graft-
ing as shovm by the external morphological characteristi-cs of tho pupae

and adult bees, produced fron them.

Methods and results

Several techniques for starving young larvas were tested. Larvae,

Less than 6 hours oId (seo page 32), were placed in an ineubator kept at

32oC and about 90% n.H. for the duration of a six hour starvation period.

In prelirninary tests the effects of starving larvae on a dry sur-

faee was first tested., e.g., wax and blotting paper. Both tneatments

resulted in extremely high mortallties. Tbe effeet of starving larvae on

the surface of noist blotting paper was ne>(t tested. and this treatment

gave a sornewhat lower mortality rate.

rn e:rperiments 1, 2 and ), (taute vrrr), in which rarvae r¿ere

starved on moist blotting paper, such a high mortallty level r¡as observed,
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that it was noü considered. a desirable method. I'lhon a water soluble dye

i¡as mixed in the water used to moisten the blotting paper, it was found

that the larvae were lngesting the r¿ater" It was thought that the ía-

gested water might' affect the viability of tho larvae anð./or possibly

the queen - uorker differentiation proeess, through food dilution.

Therefore, tests I and 2 were conducted to eompare the mortalÍty

of larvae starved on moist blotting paper to that of larvae starved on a

strip of dry gauzs, stretched over a petrl dish fiJ-led. r¡ith distiiled
r¡ater l/l to I/4 of an ineh from the top. The dry gauze prevented the

larvae from ingesting water and the nearness of the water surface probabty

naintained a high hunidity around the larvae. Tabte VII shows (tests 1

and 2 eombined), that significantry fewer larvae died (p < o.o1) prior to
grafting r¡hen larvae ltere starved on dry gauze 1n high hr.rnidlty rather

than on the moist blotting paper.

Experiment s 5, 6 and 7 were theref ore done in r¿hich larvae rn¡ere

starved on a strip of dry gavzei the eontrol larvae for these experinents

l¡ere less than J$, /+, and. 3à hou¡s oId respectively when grafteil, and the

Iarvae to be starved were the same respeetive ages when starvation com-

menced. The starved. larvae were grafted 6 hours after the control larvae,

and d.ue to the starvat,ion period, they were gå, 10, and $ hours old

respoctively when grafted.

the rnaximun possible age of the larvae r¡as deternlned by one of

two methodg. If a large n¡¡mber of eggs and fer¿ larvae were present on
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a breeder comb, all the larvae were removed, and the maxj^mula age of any

ner¡ farvae that hatehecl r,ras therefore knor¿n at any given tjme" If the

eomb contained too many larvae to discard in a reasonable period of timet

a deep indentatioa tras cut on the comb encircling all the larvae" The

maximurn age of arql larvas outside the indentation ringr that later

hatched, was then knor^rn. Despite the fact that the starvation experi-

rnents wsre perfo::med in late suilner r^¡hen the queen usìrally lays fow e88s¡

there r,¡as little diff ieulty in obtaining 72 Larvaø und.er 3|- hours of age

f or an experi-ment. Theref ore, there !¡as velïr little error in the selec-

tion of 1arvae und.er 6 hours of ago for all other enperinents presented

in this thesis.

The means, standard deviations and T test probability values

r¡ere caleulated (Tab1es IX and X), for e:çerinent's 4 ad 6, with e:rperi-

ment 5 being excluded because of the very low number of adults produced

fron the starvation treatment. In experJ.ment { (faU1e XI), there was a

significant differenco (P z. O.OI) betr¡een the treatments in all measuro-

ments except the width and length of head and the width of basitarsust

while in experiment 6 (ta¡Ie XI), there l.¡as no signlficant d.ifferenee

beti¿een any of the measurenents of the starved. and. eontrof farvae.

Discusslons and conclusions

Table VII shov¡s that l-ess larval nortality occurs prior to graft-

ing when larvae are starved on dry gauze in close proxirnity to a water

surface than when larvae are starved on moist blotting paper 1p z O.Ol).
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The ingestion of water by lanrae starved on noist blotting paper prob-

ably contrlbutes to the bigh larval nortality.

Tbe di-fferenes in I test probabílity values (p) Uetween enperi-

nente 4 and 6, prevent one fron drawing definÍte eoncluslons about the

effeet of starvatíon on yourîg larvae prÍor to graftin€r as shovnr þ the

queens produced,. Different genetic lines and di-fferent hives were used

in experfnents /+ and 6, and these may have affected. the results. The

signÍfícant dlfferenees (P < O.oI) obtaÍned between starved, and eontrol

treatnents for síx characteristics ira experinent t ,uggurts, however,

that furbher vrork fs requÍred before the effect of starvatlon can be

ignored þ eommerci.al quoen producers.
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TABTE VTI

A COMPARISON OF I,ARVAT MORTATTTY WITEN I,ARVAE

TdEnE STARVED 0N DHY GAUZE ABOVE A Ì¡IATER

SUAFACE AND ON MOISÎ BLOTTING PAPER

StarvatÍon No. of larvae larval
Test treatment per mortalitY

treatment after 6 hrs
starvat'ion

noist
blotting

1 paper

galdze

noist
blotting

2 paper

gavze

9

1

9

0

t2

1)

12

t2

Note¡ The Chi squaçe probabllity value for
test X an¿i Xtombined, comparing moist
blotting paper and gauze z (e z' 0.01).
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CHAFTER VT

THE EFFECT ON ADUTTS PBODUCED FAOM

YOUIIG LARVAE BEARED IN ONE, I'v\i0,

AND THREE DAY OLD QUEEN CEII,S

Ïn eommercial queen rearing the removal of a lrorker larva from

a one day o1d queen cell and its replacement r¡ith a younger larva,

(i.e., Itdouble graftingrt), is often practised. Hor"rever, no data about

the nerits of double grafting exist. Therefore a study was done to show

the effect on the adult queens, of rearing them, from larvae placed in
one, tr'ro, and three d.ay old queen celIs. The purpose of th.is study was

to make recommendations (concerning correct queen rearing methods)

available to the gueen rearing lndustry and to obtaia further inforna-

tion about the process of queen-worker differentiation if possible.

r. lìíETGIN MEASUN${EI\TTS OF ROYAL JELLY IN ONE,

TWo, AND ÎHAEE DAY 0r,D QUEEN CEII^S

IIfINODUCTTON

One of the differ€nces observed betr¡een one, two, and three day

o1d queen cells, containing larvae, lras a progressíve increase in tho

amount of royal jelly present in the cells, corresponding to an inerease

in the age of the ee11s. Therefore, two experirnents $rere perforned, to

n€asu-re the weight of royal jelIy in one, tuo¡ and three day old queen

ceIls.
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Methods and. results

lwo experi-ments were perfo¡med using the basic queen rearing

methods reporbed. in Chapter II, page 1O" The same for¡r hives and the

progerry of the same breed.er queen r¡ere used in both e:çeriments, The

larvae were grafted into plast,ic queen ce1l cupso eaeh containing a

small drop of royal je11y and distilled r,¡ater (f ;f ) " At tho beginning

of eaeh experiment thírty six larvae under six hours of age (chapter v,

page 32), were grafted iato oach of the four hives"

Lt 2l+r 48 and 72 hor¡rs after grafting, about one-thiril of the

nunber of eel-ls originally aceepted (containing living larvae) Z4 frours

after grafting, lrere re¡aoved each day from eaeh of the four hivos, The

2/+, 48 and '12 hour old larvae were renoved from the cells and the eo¡ubineil

weíght of each eell and. the royar jelly it containod, was recorded. The

royal jelly was then renoved fron the cells r¡ith a snall spatula; the

small amount of royal jelly renaining r+as washed out r¿ith the aid of a

gentle stream of r'¡ater. The empty cells were allowed to dry by evapora-

tj.on and then weighed" The weights of the royal jelry are shown in
Table XIï.

The data for both experinents 1 and 2 show that the weight of

royal je11y present in queen cells increases signifieantly fron 2I+ lo 48

to 72 hours after grafting"

Discussio_g gq1 c.o4p_i-qsions

The weight of royal jelly present in one, two, and three day o1d

gue€n eells Íncrsases r+ith the age of tbe larva in the cell, up t,o a
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period of 72 hours after graftlng. This neans tbåt the amor:¡t of food

initially available to yor:ng larvae grafted in one, two, or three day

o1d queen cells (see Chapter VI, Section III), frorn r¡hi-ch the original

larvae have boen removed, increases day by day up to 72 hours"

The possible effoct of these dlfferent anounüs of food being

availablo to young larvae, as shown by the eharacteristics of the que€ns

produced, is discussed more fully at the end of this chapter.

II. TlrE EFF]ICT 0F REARTNG QIIEENS FRoM YoUNG LARVAE

PLACED IN VARIOUS IÐCATIoNS IN SI'EEN CEIIó

IMNOÐUCTION

In prelininary experiments involvod in placing young larvae ln

one, two and three day o1d queen celIs, from r¿hich the original larvae

had. been removod, 1t was found that an indontation corresponding in size

to the size of the larva removed,, was left in the surfaee of the royal

jelly in the es1l. The jelIy imrnediately beneath the indentation ap-

peared to have a more watery consistency than the rest of the finrner,

whiter, sr.¡rrounding royat jelly ín the cel1, and nay have besn caused by

t6" npuddlingtt effect of the larva in the cell. Thls difference was also

notad. earller by von Rhein (L%3). Therefore two tests r¡ere done to

ascertain if the locatlon in r¡hich a young larva is plaeed in the royal

jetly in a co}I d.uring grafting (fron which another larva had been re-

noved) affects the erbernal morphology of the pupae and adults producecl

from then.
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Methods anÈjres-ults

the irdentation left in the royal jelly when a one day old larva

ís removed from the cell is very snall, while the indentation Left when

a three day old larva is removed frorn the royal jelly is correspondingly

large, leaving little surrounding royal jolly. Therefore, cells from

whieh two d.ay old larvao had been renoved fro¡o their royal jelly were

used for the experínents, because a young Larva eould be placed âcctrr-

ately either in the indentation or the sr¡rrou¡rding royal jelly,

Two experiments were done, each conparing the pupal and adult

external morphology of bees produced fron:

a) placing a young larva in the ir¡dentation (rr1or'Uerr) left when

a two day old larva ûas removed. from its cell,

b) plaelng a young larva on the royal jelly surrounding (nOut-

sid.eft) the indentation,

e) plaeing a young larva onroyal jelly, stirred (uMixu) after a

two day o1d. larr¡a had. been renoved fron its cell,

d) placing a young larva 1n a small drop of 1:1 royal jeIly and

distilled r¡ater mirbure (trControln ).

Experi.ments I and 2 wøre done consecutively in the sarne cell

builder colony (a) using the basic qu€en rearing techniques (see Chapter

II, page 10). loung larvae under six hours of age (see Chapter V, page

32), vere used for all experlments. Iarvae of genetie line A were used

in erçerirnent I ancl larvae of genotic lino B r¿ere used ia experinent 2.

There were four treatments in each e:çerirnent, namely, fnside,

Outside, MÍ.x, and Control (page M), vith the cells of eaeh treatment
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being distributed randonly on the bars in the supporting frames.

ln both erq)eri-nents 1 and 2r'12 larvae were grafted individually

on a small drop of 1:1 royal jelty and water mixture in cell cups and

tben plaeed in the ce1I builder color¡y (a). In both experi-ments the

cells were renoved fron the cell builder eoloqy (") ¿g hours later; the

two day olcl larvae uere removed fron the ceIls the bees had just fed

(nacceptedtr). In e4perinent 1 (36 larvae, 9 per treatment) and experi-

rnent 2 (?2 larvae, 18 per treatnent), yoÌrng larvae r,¡ere then grafted to

serve as controls or to replace the dj-scarded two day old larvae. the

young larvae (less than six hours old) then completed thelr developnent

in ceIl builder coloq¡ (a) i¡r both experiments.

SeveraL days after capping the eells were removed from the hive

to the ineubator (see Chapter I1, page 11), and moasurements l¡ere done on

the pupae and the adults produeed from the larvae (seo Chapter III),

Ierval morüalities occurring on the different eonsistencíes of

royal jelly, i.e., Inside, 0utsÍde, Mk, and Control (Page M) are shorrn

in lable XIII. A morphologieal comparison of queens reared on royal je1ly

of different consistencies is given in Table XIV (e>çerinent 1) and

Table XV (experiment 2). The results in Table XVI shor¡ a signifieant

difference (P < 0.01) betlreen the length of celI in the control and each

of the three treatments (Inside, Outside and Mix) in both experiments 1

and 2, with the exception that no signifleant difference was obtai¡aed be-

twesn the control and mix treatnent in erçerinent 1. A slgnificant

differenee (P < 0"05) i-n the lengùh of tongue between the Control and
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and. Insi-de treatment in experÍment 2 r¡as found. However none of the re-

maining characteristics measured, showed a significant differ€nee between

the eontrol and each treatment in both experf-nents 1 and 2.

Discussion and egpclusig4g

the non-significant T test probability values between controls

and the other treatments (Inside, 0utside and Mlx) in Table XVI, for all
characteristics (one exeeptlon) in both experiments I and, 2, strongly

suggests that during grafting it matters litt1e where a larva is plaeed

on the royal jel1y in a tr,ro day old queÊn cellx. The one exeeption was

a T test probability value (P < 0"05) in e>rperiment 2, for the Inside -
Control treatment.

The Inside, Outside and Mjx treatments for tho length of celI,
gave signifieantly larger measu?ements than the eontrol in both experi-

ments (exeept for experiment 1, Mix - Control Treatment, whi.ch was non-

significant and night be due to the low nr¡¡nber of cells measured). The

greater amount (depth) of royal jelty in the two day o1d queen eells as

conpared to the Control (a snall drop of 1:1 royal jelly and distllled
water) r maf cause the worker bees to build. longer queen cells to ac-

comodate the extra royal jelly in the Inside, Out,sido and Mix treatnents.

See Discussions and conclusions, Chapter VI, Seetion III.
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TABI,E ÏTÏ

i.IEIGHT 0F noy.al, JELLT rN olIE, TWo, AND

ÎHREE DAT oLD QIIüBN CBLÌ,S

Þ<perJ.- Hlve
ment No. Mean weight of royal jelly (ngs) at:

2l¡ hre. (No. of
ce1ls
per
treat-
nent)

/r8 hrs. (No. of 72 bre. (No. of--
cells ce1ls
per per
treat- treat-
ment) nent)

#t 1 7L.4L

2 97.26

3 73.22

4 ' 70.63

(8)

(¡)

(10)

(6)

2L0,23

L99.37

2OO.U

188"13

196.8g

L89.36

225.LO

(s)

(6)

(11)

(6)

t+75.2L (7)

582.@ (?)

534.59 (10)

Ir

566.34

532.89

539.98

#2 1

2

3

l+

lfl.L6

53.TL

58.10

t{

(g)

(s)

$)

(s)

(ç)

(+)

(8)

(?)

(;)

tÍ
Notes A nated_queen escaped through the queen excLuder Ln

the cell flnlshlng colony #4 resultlng ln non_
acceptance of la¡¡rae 1n Experi:nent #l-at 72 hra.,
and kperlnent #Z at 21, hrs, after graft{ng,
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1II. THE EFFECT ON QUEENS OF REARTNG THH{ FROM TOUNG I.ABVAE

pi,AcED IN ONE, Tl.io, AND THREE DAï oLD QUEEN CELI.S

IlilInoDucTl0N

The concluslons that: (f) tne weight of royal jelì-y present in

one, two, and three day old gueen cells Ínereases with the age of the

larvae in the celI up to a poriod of 72 hours after grafting, (Chapter

VI, Seetion I.) and that (2) there is no signifieant d.ifferenee between

Control, Inside, 0utsiderand Mix treatments (Chapter VI, Seetion II), for

alnost all of the pupal and adult eharaeteristics measured laid the

foundation for this stud.y. In the following investlgation the grafting

of young larvae into one, twor ând threo day old queen cel-Is and the

measurenents of the resulting pupae and ad.ults r¡as d.one:

1) to obtain data about tho practíse of trd.ouble graftingrt (tbe

plaeing of young larvae under six hor:rs old into one day old queen

eelIs).

Z) to obtain data about the effeet of grafting young larvae into

two and three day old queen cells in an effort to gain further informa-

tfon about the process of quoea - worker differentiatlon,

lviethods and resuJ.ts

the basic qu€€n rearing techniques described j-n Chapter II,
(page 10), were used in all expariments in this seetion. I¿rvae fron the
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same breeder queenl "ur" 
placed in the same cell builder colonies2 in

all treatnents r¡itbin each individual experiment. In the control t'reat-

ment for all enperiments (1-11 inclusive), young larvae uere plaeed on

a snall d.rop of 1:1 royal jelly ar¡d distjLled r"¡ater nixbure. In enperi-

nents 1-! lnelusive, coloured taeks and,/or colorred peneils çrere used

to randomly mark, on the bars opposite the ceIls, the d.esignation of the

treatment each cell r¡as to reeeive.

PANT I

A preliminary set of experiments (1-5 inclusive) were done to

conpare control treatmsnts with youag larvae grafted into one, two and

three day old queen eeIls. In eaeh erçeri.nent, an excsss number of your,g

larvao were grafted on day 1. 0n d.ay 23, tho"e celLs aecepted by the

bees from the graft on day 1, were consolid.ated (plaeed in rows on the

bars of the franes and the unaecepted cells removed). The control larvae

renained untouched after the first large graft on day l. 0n each sub-

sequent day (days 21 3, and 4), the one, two, or three day old larvae in

the eells, corresponding to the designated treatment, were rer¡oved and

replaced with young larvae. The nunber of larvae per treatment, number

of larvae capped, and number of adults that emerged $rere reeorded for

1 Exception;
Experfunent 1, the grafting of young larvae into a three day old

qus6n cell. (See Table XVII).
2-
"uxceptLon:
Experirnents 10 and 11. (See page 62).

3u¡syt,, were considered 2d hours apart.
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each of experi¡nents 1-5 inclusive, and these data are shown in Table XVII-

A summary of the combined data of e:rperinents 1 to 5 is given in

Table XVIII.

The results show that very few of the larvae plaeed in three day

old queen colls became adult guaens and emerged from their eells (tables

XVTI and XVIII). The results (TaUle XVIII) also shor¡ that more bees died

betr¡een the time of eapping and the ti¡¡e of emergence (mortality in the

post-capping stages) in the coatrol troatnent4 than in treatnents on which

young larvae were placed in one arrd two day old queen eells. Because of

considerable rainy and overcast r+eather which results Ín unsatisfactory

rearing conditioas (i.e., the beos eannot forage for food and the eolor¡y

is more disturbed than normally, by the opening of the hive) during the

early sun¡ner (¡ufy 5--July ZJ)n wher. the experinents r¡ere done, it was

possible that the control larvae in particular, received iasuffieieat

quantities of food for a period of tine after grafting. This may have re-

sulted 1n the larva1 and post-capping mortality in the eontrol treatnents

being greater than nornal, The removal of the frames from the cell builder

colonies for grafti-ng on days 21 3r and /*, also e:cposed the control larvae

(on threa sueeessive days) to eonditions outside the hive more often than

the other three treatnent,s. This may have increased the larval mortality

and the mortality in the post-eapping stages in the eontrol treatments

more than it affected mortality in treatments in r"ùieh larvae were grafted

into one, two, and three day o1d queen cells.

4Fo" all e>çeriments in this
treatnent = a young larvae placed on
distilled. water mixbure in a ce1l.

section, a lar"vae of the control
a srnall drop of 1:1 royal jel1Y and
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PAFfI II

A series of four experinents (6-9 incluslve) were done nexb, to

further test the effect of grafting young larvae into one and two day

old queen ceIls. The grafting of young larvae into three day o1d queen

cells was omÍtted from experiments 6-9 inclusive, beeause of the low

nrrnbers of adults produced in e4perirnents l to 5 (Part I, page J8), and

beeause of the pract,ieal linitations involved, (i.",, obtaining adequato

nunbers of larvae under six hours of age, and. of grafting the young

larvae into cells before the lanrae and,/or the royal jelly in the eell-s

dries to some degree) "

ïnstead of grafting in sequence and having one, two, three, and

four day o1d larnae present in a celI build.ing eolony at one time, a

different method r¿as used: on day 1, young larvae were grafted and. placed

into Colony (A), and onday 2, young larvae were grafted and. placed into

Colony (B). 6n day 3 the frames, cont,aíning the cells, r,¡ere removed from

Colonies A and B and the one and two day old larvae were renovod fron the

celIs. The larvae were replaced with young larrrae and the one and tr¡o

day oId cells r¡rere arranged rand.omly on the bars with the eells of the

control treatment, and then placed in Colony (C).

Three different genetic lines, A, B, and. C, (see Chapter IV,

page 23) were used throughout the series of exporiments 6-9 inelusive,

with ti¡o of the three genetie lines being used. in each experinent. In
each treatment r¿ithin an experiment, one half of the larvae used. were of
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one genet,ic line and one-hal-f of the larvae use of another geneti-c 1ine5.

A total of. 36 larvae, L2 larvae per treatment, Lrere grafted on

d,ay 3 in each experiment. Extra larvae r"¡ere also grafted and placed in

Colony D, to be used as replacement,s, in the 6vent that early larva1

mort,ality (non-acceptanee) might oceur in Colony C. A sunmary of the

larval acceptance, time of capping, and post-eapping mortality is given

for experíments 6 to 9 in lab1e XIX.

Afüer the ce1ls l;ere capped in each experjment they wero removed

to the j-ncubator (see Chapter fI, page 11) and later the pupal and adult

m€asurements r¿ere done and recorded in Tables XX, XXI, XXII and XXTII" The

data in labIes ,{X, XXI, XXII and XXIII were statistically analyzed using

the fiunpaired T testrt, and the significant T test probability values appear

in Table XXIV. The results in Table XXIV shoru that there is no significant

differenee (one exception) :-n ttre characteristics of pupae and adults mea-

sured, between the control, one d-ay, and two day old queen cell treatments"

The one exception r,¡as a significant difference (P < 0.01) between pupal

weight of the control treatnent and the two day old- quoen celL treatment

in experiment 6.

A signif icant diff erence ( see Table I'Xff) between the control and

the other tr¡o treatments was found between the lengths of eells, in ex-

periments 6-9 inclurit"6. lnihen a significant difference r¡as found in the

5The control treatments in experiments 6-9 incLusíve were statis-
tically analyzed in the Chapter IV Genetic Studi-es.

6
.̂E;xeeptr-on:
ition signifieance betr¡een the control and one day old queen cell

treatment (double grafting) in experj¡ent ? and 8"
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length of cells betr¡een treatments, the value of the mean was larger in

the tr¡o day oId cell treatnent than in ths one day o1d celI treatnrent'.

Si-urilarly, the value of the mean in the one day oId queen celI treatment

was larger than the control treatnent. (See Tabl-es XX, XXI, XXIIr lO(IfIt

and XXIV.).

PAAT TT]

It r¿as for¡nd. (tables XVII and XVIII) that very few young larvae,

which were placed. in three day o1d quêen eells, developed j-nto adult bees

and emerged fron their cells. therefore a prelimilary study was done, to

produce suffieient nrrmbers (for statistical analysis of pupal and adult

neasurements) of gueens reared from young larvae plaeed in three day old.

queen eells, in order to compare then to control treatments. Several

attempts to rear young larvae in three day old gueen cells lÀrere nade early

in tbe gueen rearing s€ason (July 11-15) but without suecess.

Later, in the quesn rearing s6asoa(Ju1y 26 -- August 5), when the

cell building colonies r¿ere ver¡r populous r,¡ith bees (a prerequisite for

queen rearing) experiments 10 and 11 r,¡ere d.one conseeutively to compare

queens produced, frorn control treatnents to queens produeed from larvae

grafted into three day old queen cells.

Cell builder colonies A and B were used l-n each e:4perjment. In

experiment 10 the eontrol larvae r^rero placed in Colony ,4,; the larvae

grafted j-nto the three day old gue€n cells were placed, in Colony B.

In experiment 11 the treatments were reversed, so that the larvae for

the control treatment were placed in Colony B and the larvae grafted
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in three day old queen cel-ls were plaeed, in Colot¡r A. In both experiaents

10 and II,72 larvae were grafted on day I into Colonies .4, (experiment 10)

and B (experiment 11). 0n day 4, ?2 hours later, the tb.ree day old queen

celIs were taken frorn the ceIl builder colonies A (experi:aent 10) and

B (experiment IL). The three day o1d larvae wore replaced lrith larvae

Iess than 6 hours old. and the bars and frar¡es supporbing the cell cups

were returned. to Colonj-es A (experiment 10) and B (experiment il). At the

same time control larvae r+ere grafted and plaeed in the other color¡y:

Colony B (experirnent 10) and Colony A (experfment 11). Eaeh treatment

was placed in a separate eell buílder colony in order to eli.ninate any

preference the bees might have for feeding or cari.ng for one treatnent in

a different way than the ot,her, should both treatments be placed, in the

same eolony.

the nr:nber of larvae p€r treatment, larva1 nortality¡ ad number

of adt¡lts produced appear in Table XXV, for eaeh treatment in both ex-

perlnents 10 and lL" The results indicate that nortality of larvae,

placed in three day old qiroen celLs, does not beeone serious until about

2{ hours after grafting.
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Discussj-on and cqnql-ltsions

The study of the effect on adults produced. fron young larvae

reared in one, two, and three Cay oId queen cells was divlded into three

related, sections.

First (Section I), the royal jelly present in one, two, and three

day old gueen eolls was weighed and was found to increase r¿ith the age of

the larvae in the cells up to a period of 72 bours after grafting. There-

fore, there is a larger quantity of food initially availablo to a young

larva r¿ith eaeh 24 hotsæ inerease in the age of the cell (up to ?2 hours)

in which it is placed. (table XTI page 4?) "

Next (Seetion 2), the effects on queens produced frorn larvae

reared in various locations (Inside, Outside and Mjx treatnents) within

two day old queen cel1s, were tested, and there were no significant dif-
ferenees between the control and the other treatments for all pupal and

adult eharacteristics measured," (ta¡te xvr page 56). However, the length

of the cells in the Inside, Outsi-de¡ and Mix treatments were found to be

signifieantly larger (P< 0,01) than the length of ce1ls in the control

treatments.

Possible ex¡llanations for the results ín Seeti.on 2, were re-

enforced by the observations made, and the results recordsit in SectionJ,

( see page 66).

In Section 3, Part I, a series of prelími-nary experiments (I to

5), showed that very few of the young larvae used. in grafts in three day

old queen eells reached the adult stage and energed from their cells

(ÎaUles XVII and XVIII). The high larval mortalíty in some of the control
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treatments (exanple Table XVII, experÍrnent 3) might have been caused by

the unsatisfaetory queen rearing cor¡dít'ions caused by rainy and overcast

weather, and. by the fact that the eontrols r¡ere exposed to eonditions

outside the hive more often than the other treatments (experiments I to

5).

Therefore the experiments were modified (Section 3, Part II) to

eh-minate these problens and then no signifieant differenee (one exception)

was found between the various pupal and adult eharacteristics measured for

bees produced from larvae of the control treatnent and from larvae plaeed

in one, and two day old queen eells. The lengths of capped cells r¿ere

also found to be significantly longer in two day old queen cell treat'ments

than the eells of the eontrol treatnent (see page 66 for explanation).

In Sectioa l, Part fII, experimants 10 and 11 r,¡ere done to compare

eontrol treatnents to that of quoens reared from larvae placed in three

day o1d queen ceIls. 0f specíal interest was the observation that the

young larvae placed in three day old queen cells d.id not suffer high

larva1 mortallty until about 2{ hours after grafting.

Several i.¡rteresting explanations can be made for the resulte ob-

tained fron the entire study of the effeet on adult bees of rearíBg then

from young larvae plaeed i.n one, two, and three day old queea eells.

The data (Tables XVI and XXIV shor¡ that capped queon cells from

treatments in wtrich young larvae are placed in one and two day old queen

cells, are significantly Iong"r* 1P< O.Ol) than control treatnents. This

t*o 
"*""ptions -- see Table XXfV.
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vras thought to be d.ue to the progressively greater amount,s of food found

in t,he one, twor ad three day old queen cells (Chapter VI, Section I).
Fron observation it appeared as if the young larvae placed, in two

or three day old queen cells, reeeÍved litt1e or no additional royal

jelly for a period of tÍne up to about 2{ hours. Sonetines the young

larvae placed in three day old qireen cells appeared to remain several

days before being fed fresh food, during l¿hich tine the royal jelty in

the cel1s tended to dry out and become hardsned. However, r¡hen the bees

started feeding the larvae in the tl¡o or three day old ceIls, the total
depth and amount of royal jelIy (fresh on top of oId, drier royal jel1y)

inereased in dlrect proportion to the age of the cell used. in the treat-

ment (up to 72 hours of age) " Thus, the bees bujtt longer cells to con-

tain the greater depths of royal jeIly found wfth eaeh successive increase

in the age of the cell used for a treatnont.

ït was also observed that in some experiments (1-5, and.10 aad 1l),
ln ruhich young larvae were placed in three d.ay old gueen ceIls and poorly

fed for a period of time after grafting, that after severar days in the

eell the larvae sonetimes move to the side of the queen ceIl and became

positioned partially out of the royal jeIly. This eaused the bees to ex-

tend the gueen eelIs, to contain the larvae. Mortality resulted if the

larva feIl out of the royal jel1y or stuck to the sides of the queen ce1l

cup. There are sevsral reasons why a young larva night tend to move do1rn-

¡,rards and partially or wholly out of the three day old royal je1ly in its
cell. Qualltative faetors and/or the consistency of three day old. royal

iel'ly night nake it unpalatable to a larva or lnpossible for a larva to
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feed, or perhaps the consistency of the three day oId royal jel1y might'

be too solid for the young larva to renaj.n (physlcally) in the royal

je11y.

At least one posslble ex¡glanation exfsts for the non slgnificant

differences in pupal and adult charact,eristics measured for control lar-

vae and yoìr¡g larvae grafted, into one and two day old qusen eells. The

control larvae have small anounts of dlluted royal je11y surrounding

them l-mnediately after graft,ing, while the young larvae grafted. into one

and two day old queen ce1ls have an abundance of foocl surrounding them.

However, as time progr€sses, the control larvae receive an abrrndance of

food while the larvae placed in tr,¡o day otd ce1ls (and possibly one d.ay

old eells), must feed for a peri-od of time before they roceive fresh

food from the nurse bees, on top of the royal je1ly that is beginning to

dzy out. Thus the larvae in al-l t¡eatments nay have a poriod of develop-

nent when they receive insuffieient nutrition for proper growth, result-

ing in non significant differences betr¡een the pupal and adult charaeter-

istics measured.

The results 1n Section II (Îables XX - XXff inclusive), strongly

suggest that there is no significant difference in the pupal and adrilt

charaeteristies measured fo" youog larvae plaeed in one day o1d queen

cells (t'double graftingrt) and young larvae reared in control celIs.
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TABTE xvII

THE NUMBEAS OF LARVAE GRAHIED, tEÏ,r.s CAPPED AND ADUT,TS

PRODüCED FR0I'I COMnOt TREATIffiNTS AND T0UNG

r,aRvaE PLACED IN oNE, TWo AND

IHnEE DAT 01,Ð QUEENS

Experi- Treatnent
nent

Total No. of lotal No. of
larvae grafted cells capped.

Total No. of
bees produeed

#L Coatrol
One d,ay ce1I
Two day cell
Three day cell

Gontrol
Ono day ceII
Two day cel1
Three day eell

Control
One day cell
Two day cell
Three day eell

Control
One day eell
Two day cell
three day cell

Control
One day eeLl
Two d,ay ceII
Three day ceLL

27
27
¿. I
27

18
l8
18
I8

9
9
9
9

9
9
9
I
9
9
9
9

22
t5

9
3

6
10
Ilr
lr

I
9
3
I

6
l+

3
0

2
2
t+

2

26
25
20

5

18
L3
18

6

6
9
4
2

9I
3
0

I
5
9
5

#z

#3

#4

#5
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TABTE XVIII

A Sm44Aru OF THE NUMBER OF LARVAE GnAmED, CELLS CAPPED

AND ADUITS PNODUCED FNOM CO}ITROI IRNATMEI{TS

ÀND TOIING LARVAE PIACED IN ONEr TIIIO

AND THREE DAÏ OLD QTIEEN

CELI^S

Þrperl- Treat- lotal No. of Total No. of Total No. of
¡¡ents ment larvae grafted ceIls capped bees produeed

I-5 ControL T2

(comblned) One day cells 72

Two day cells 72

Three day cello 72

68

60

54

18

37

l+0

33

10



.d h o¡
t

A
H

X
@

f'l
 E

l

ÎÀ
B

I,E
 X

IX

A
 S

T
]M

M
A

A
E

 O
F

 I
,A

¡M
A

L 
M

O
R

T
A

LT
T

T
 A

N
D

 T
IM

E
 O

F
 C

A
P

P
Iì8

i O
F

 C
E

LI
S

 O
F

F
no

M
 L

A
R

V
A

E
 P

i,A
C

Ð
 IN

 o
IIE

, 
T

W
o 

A
N

D
 Î

H
R

E
E

 D
A

Y
 o

tD
 Q

U
m

N

lre
at

-
ne

nt

#6
C

on
tr

ol
0n

e
da

y 
ce

lI
T

w
o

da
y 

ce
ll

C
on

tr
ol

0n
e

da
y 

ce
IL

T
r¡

o
da

y 
ce

ll

C
on

tr
ol

0n
e

da
y 

ce
ì-

l
T

r¡
o

da
y 

ca
LL

C
on

tr
ol

0n
e

da
y 

ce
1-

l
ln

o
da

y 
ce

ll

la
rv

ae
 p

er
tr

ea
tm

en
t

#t

I2 T
2 1) 12 1) J2 T
2 u 1) 1t T
2

L2

Ia
nr

al
 m

or
ta

llt
y 

at
th

e 
ti-

ne
s 

ln
dl

ca
te

cl
(h

rs
)

0(
21

)

o(
21

)

3Q
J)

t+
(z

]-
.5

)

o(
21

.5
 )

o(
21

.5
 )

o(
2r

.5
)

o(
21

.5
 )

o(
2r

,5
)

o(
21

,5
)

1(
21

.5
)

o(
21

.5
)

#e

o(
45

)

o(
/r

5)

3u
5)

lr}
rS

)

o(
tr

5)

L(
tr

l)

o(
50

.5
)

0(
50

.5
 )

0(
50

.5
)

o(
50

.5
)

1(
50

.5
)

o(
 5

0.
5 

)

#e

1(
68

.5
 )

o(
6s

.5
)

4(
ß

.5
)

T
ot

al
 N

o.
of

 la
rv

ae
re

pl
ae

ed

4(
ll,

o¡

3O
3.

o)

3 
3.

3.
0)

l+ 2 o I 0 1 o o 2 0 I 2

Q
U

S
E

N
S

 R
E

A
F

E
D

C
E

Ï,T
S

N
o,

 o
f 

ce
lls

 c
ap

pe
cl

at
 ti

m
es

 ln
dl

ca
te

ct
(u

rs
)

o(
69

-5
)

0(
69

.5
)

r(
69

.¡
) 

z(
%

.5
)

0(
69

,5
)

t(
69

.s
)

z(
69

.s
)

12
(L

O
3.

5\

rr
(r

03
.5

)

7(
t0

3.
5)

L(
 %

.5
')

7(
 9

3.
5)

5(
p3

.5
)

2(
g3

.5
\

o(
93

.5
)

lr(
9?

.5
)

5l
p5

.5
)

7(
95

,5
)

6(
95

.5
)

8(
u?

)

e(
 e

8)

s(
 e

s)

e(
 e

s)

6(
98

.5
)

12
(9

8.
5)

7 
(9

5.
5)

g9
s.

i)

8(
98

.5
)

ro
(9

8.
5)

T
ot

al
 N

o.
 o

f
ad

ul
ts

pr
od

uc
ed

12
(1

1?
)

u{
u?

)
12

{u
?)

l-2
(1

L7
.5

')

12
(1

1?
.5

)

lz
:t:

:tl
.5

)

12
(1

19
.5

 )

u(
u9

.5
)

12
(1

19
.5

 )

12 u I 12 11 11 L2 11 12 12 L2 10

-l o



o Ê
l

rJ
 

F
l

if 
+

? 
F

{ 
Ë

ee
(D

ß
l

E
lo

oN
o.

F
l 

E
l 

rl

'{+
r{

5
od

(D
o.

(D
d

X
'Ê

r(
D

['¡
Ê

tc
5

T
À

B
LE

 X
X

a 
M

oR
pH

oi
oG

Ic
A

L 
C

oI
,ÍP

A
R

IS
oN

 
0F

 Q
U

E
E

N
S

 R
E

A
R

E
D

 F
n0

M
 Y

oU
N

G
 L

A
R

V
A

E
 P

LA
C

E
D

 E
t{

oI
rE

 a
N

D
 T

W
o 

D
A

Y
 0

IÐ
 Q

IIE
E

N
 C

E
Iï,

S

P
up

al
Ie

ng
th

 L
en

gt
h

of
 

of

6 
al A

2
F

{4
3 A

L
oa

t
¡.

A
6

{r
 

B
7

B
8

c 
B

g
o 

81
0

B
tt

o 
B

u
M

ea
n

bo
dy

(t
) L5

.6
0 

2.
M

15
.6

0 
2.

60
15

.9
3 

2.
76

15
.6

0 
2.

æ
15

,7
6 

2.
M

L5
,9

9 
2.

60
16

.0
9 

2.
68

r6
./r

a 
2.

60
L6

.q
 

2.
60

L6
.+

 
2.

68
L6

.@
 

2.
76

L6
.2

5 
2.

68
L5

.9
8 

2,
63

to
ng

ue
(t

')

M
ea

su
re

ne
nt

s
Le

ng
th

 o
f

ab
do

ne
n

.(
nm

)
1.

2
A

D 9.
26

 8
.?

8
g.

tô
 8

.6
1

g.
1o

 8
,6

1
9.

43
 8

.6
L

8.
61

 8
.4

5
9.

26
 8

.9
t+

9.
10

 8
.7

8
9.

¿
r3

 8
.g

lr
9.

10
 8

.'7
8

9.
1+

3 
9.

lC
8.

94
 8

.7
8

9.
10

 9
.9

4.
g.

l8
 8

.7
8

W
el

gh
t

of
pu

pa
(r

g"
)

l,I
id

th of
he

ad
(r

*)

A
du

lt 
M

ea
su

re
nû

en
ts

Ie
ng

th
 H

ea
d.

 Ie
ng

tb
 W

id
th

of
 

in
de

x 
of

 
of

he
ad

 (
W

/L
) 
ba

si
- 

ba
sl

-

25
6 

3.
67

 3
.6

L 
1.

02
26

8 
3.

8O
 3

.6
7 

Ì.0
/,

25
t+

 
3.

86
 3

.6
7 

1.
05

26
9 

3.
8O

 3
.6

7 
l.O

/+
26

9 
3.

86
 3

.6
7 

1.
05

2/
+

5 
3.

80
 3

.6
1 

1,
05

28
L 

3.
92

 3
.8

0 
L.

t)
28

L 
3.

gg
 3

.8
0 

1.
05

27
5 

3.
86

 3
.8

0 
r.

V
¿

28
/*

 
3.

99
 3

.8
0 

1.
05

27
5 

3.
92

 3
.9

0 
1.

03
28

0 
3.

92
 3

.8
0 

L.
q)

26
9.

8 
3,

97
 3

.7
3

(r
r)

ta
rs

us
 ta

rs
us

(r
r)

 
(r

r)

B
as

i-
ta

rs
al

ln
ds

x
(L

/Ã
)

2.
52

 1
.2

0 
2.

10
2.

52
 1

.2
0 

2.
1.

0
2.

56
 L

.2
lr 

2.
06

2.
52

 l
.2

l+
 2

.û
3

2.
52

 r
.U

 
2.

û)
2.

56
 L

.?
J,

 2
.ú

2.
64

 L
.2

/+
 2

.7
3

2.
68

 1
.2

8 
2.

@
2.

64
 L

.z
I+

 2
.L

3
2.

6/
, 

L.
z/

r,
 2

.1
3

2.
72

 L
,?

8 
2.

13
2.

60
 L

.z
l+

 z
.L

O
2.

59
 1

.2
/t

Ie
ng

th
 le

ng
th

of
 

of
ca

pp
ed

 d
ev

el
op

-
ce

ll 
ne

nt
(r

r)
 

(u
rs

)

T
3 16 u u u L3 u t5 u- u L5 u )4
,2

3U
7.

5!
t+

"5
28

7.
É

0.
5

27
9.

ú/
+

.5
27

9.
út

1,
.5

3V
1.

5!
tr

.5
28

5.
É

L.
5

3V
l.5

x/
r.

5
3e

f1
.5

!t*
.5

3U
7.

5!
Å

,.5
3ü

1.
5!

4.
5

3t
1.

5!
/r

,5
3V

1.
5!

/*
.5

co
nt

ln
u€

d.
.,.

-l H



@

+
t 

5 
B

ee

ãË
F

l 
N

o.
E

l(D
O

.r
{ 

E
l 

d
¡{

{r
P

(D
60

g.
@

F
l

H
-h

o
É

lÊ
|c

)

6q
F

Í
F

{ (D C
' rl (D o u C
'

rt
'

F
l o b ct d o I o

Ie
 n

gt
h

of
bo

dy
(*

r)

A
 1

 
L6

.q
A

 2
 

L6
.q

À
 3

 
16

.@
A

 4
 

L6
.4

7
A

 5
 

L6
.Æ

-
A

 6
 

16
.2

5

B
 7

 
16

.0
9

B
 g

 
L5

,9
3

B
 g

 
16

.0
9

B
 1

0 
L5

.6
0

B
 II

 
16

.@
M

ea
n 

16
.t0

P
up

aI
Iæ

ng
th

of
to

ng
ue

(m
n)

M
ea

su
re

ne
nt

e
Le

ng
th

 o
f

ab
do

m
en

(m
n)

 
-

"1
 

&

IA
B

I,E
 X

X

2.
60

2.
60

2.
76

2.
41

+
2.

76
2.

76

W
ei

gh
t

of
pu

pa
(r

es
)

9.
10

 8
.9

/+
g.

?6
 8

.7
8

9.
1ê

 8
.'7

8
9.

75
 9

.2
6

g 
.l+

3 
g.

1o
9.

26
 8

.9
4

9.
26

 8
.?

8
g.

g/
* 

g.
?g

9.
26

 8
.7

8
8.

gl
þ 

8.
61

9.
26

 8
.?

g
9.

26
 8

.8
?

(c
on

tin
:r

ed
,)

2.
76

2.
76

2.
76

2,
84

2.
60

2.
69

t^
Ild

th
of

he
ad

(u
)

{d
ul

t 
M

ea
su

re
¡o

en
ts

Ie
ng

th
 E

ea
d 

In
ng

th
 W

ld
th

of
 

i¡d
ex

 
of

 
of

he
ad

. 
(W

/t)
 b

as
l- 

ba
sl

-
(m

) 
ta

rs
us

 t
ar

su
s

("
r)

 
(r

')

26
8 

3.
86

 3
.7

3
26

5 
3.

80
 3

.6
7

27
9 

3.
86

 3
.6

7
27

7 
3.

73
 3

.6
7

28
3 

3.
92

 3
.7

3
29

5 
3.

99
 3

.8
6

27
L 

3.
86

 3
 .6

7
28

0 
3.

99
 3

.8
0

28
9 

3.
92

 3
.7

3
25

9 
3.

86
 3

.6
7

27
2 

3,
92

 3
.7

3
27

6.
2 

3.
88

 3
.7

2

r.
o3

 2
.6

4
1.

0/
* 

2.
/r

8
1.

05
 2

.6
0

l.ü
2 

2.
56

L.
05

 2
.6

0
1.

03
 2

.5
6

B
as

l-
ta

rs
al

ln
de

x
(L

/\r
\

I.e
ng

th
of

ca
pp

ed
ce

ll
(r

*)

1.
05

1.
05

1.
05

1.
05

1.
05

1.
28

 2
.ú

1.
16

 2
"U

l.2
l+

 2
.1

0
1.

20
 2

.I3
L.

20
 2

.n
r.

28
 

2.
00

L.
28

 2
.ú

1.
28

 2
.0

0
1.

28
 2

.0
8

r.
28

 
l.l

l
1.

28
 2

.ú
1.

25

2.
6t

+
2.

56
2.

64
2.

52
2.

60
2.

59

Iæ
ng

th
of

de
ve

lo
p-

ne
nt

(n
r"

)

T
7

'L
7 v t7 L5 t7

28
7.

O
!O

.5
27

9.
É

lþ
.5

27
9.

É
t+

.5
28

8.
51

1.
9

)ü
1.

5!
t+

"5
)u

7.
5!

t+
.5

L5
 

)ü
1.

*t
+

.5
16

 
3ú

1.
5!

/r
.5

U
 

3w
.5

!t*
.5

L5
 

27
9.

Ê
tr

,5
r7

 
3U

7.
5!

4.
5

16
.0

co
nt

ln
ue

d,
...

-¡ N



@

Ä
, 

å 
B

ee
ãË

r{
 

N
o.

å 
gå

t{
 

+
t 

+
t

@
!ú

c)
Ê

{lD
É

X
&

(D
É

-1
E

{C
5

I.e
ng

th
of

bo
dy

(^
)

q ã
63

F
I

(D (D 3 d rt F
{ o Þ
¡ o rd o I F
'

hr
pa

l
Iæ

ng
th

of
to

ng
ue

(r
r)

A
1

A
2

A
3

A
l+ B
5

B
6

B
7

B
8

lA
B

i,E
 X

X

M
ea

su
re

ne
nt

s
Ie

ng
th

 o
f

ab
do

m
en

(m
m

)

1.
2

A
D

L6
.2

5
L6

.2
5

L5
.7

6
l.6

,2
5

L6
.2

5
16

.4
1

L6
.2

5
16

.0
9

(c
on

tln
ue

tl)

2.
60

2.
60

2.
1+

/+
2.

76

M
ea

n 
16

,1
9

l.I
el

gh
t

of
pu

P
a

(m
gs

)

9.
1*

3
9.

/r
3

8.
78

9.
59

9.
/r

3
9.

1+
3

9.
t+

3
9.

tÐ

9.
37

2.
',7

6
2.

76
2.

8/
r

2.
76

2.
69

I'I
ld

th of
he

ad
(r

r)

9,
26

 2
85

8.
gl

r 
26

2
8.

78
 2

65
9.

26
 2

79

8.
78

 2
85

8.
9/

+
 2

82
9.

10
 2

79
g.

to
 

28
6

g.
o2

 2
77

.9

A
du

-lt
 M

ea
su

re
ne

nt
s

Le
ng

th
 H

ea
d.

 Ie
ng

th
 !

Íid
t,h

of
 

{n
de

x 
of

 
of

he
ad

 (
w

/L
) 
ba

si
- 

ba
sl

-
(r

r)

3.
96

 3
.6

7
3.

73
 3

.6
1

3.
86

 3
.5

t+
3.

80
 3

.7
3

3.
92

 3
.8

0
3.

92
 3

.8
0

3.
92

 3
.7

3
3,

gg
 3

.8
0

3.
88

 3
.7

L

ta
rs

us
 ta

rs
us

(m
) 

(-
n)

1.
05

 2
.6

t,
L.

ú 
2.

60
1.

@
 2

.5
6

L.
V

¿
 2

.1
18

1.
03

 2
.5

6
1.

03
 2

.6
0

1.
05

 2
.6

1r
l.ú

 
2.

/r
8

2.
57

B
as

i-
ta

rs
al

ln
de

x
(L

ß
)

Iæ
ng

th
of

ca
pp

ed
.

ce
1I

(n
')

L.
?J

, 
2.

73
1.

20
 2

.!7
1.

24
, 

2.
ú

1.
20

 2
.ff

1

1.
32

 l.
gl

+
L.

28
 2

.9
)

L,
2Å

, 
2.

I3
L,

zl
r 

2.
00

r.
25

ie
ng

th
of

de
ve

lo
p-

ne
nt

(n
rs

)

L7 19 L7 t7 18 L7 16 L7

n9
.É

t+
.5

28
?.

d0
.5

28
8.

5t
1.

9
28

8.
5t

1.
6

3U
1.

5!
/r

.5
)W

.5
!l+

.5
27

9.
Ê

t+
.5

39
7.

5!
1.

5
L7

.3

-¡ \¡)



(D rl
J.

' 
r{

Ë
Ë

F
rB

ee
.ã

 Ë
Ë

 
N

o'

@
6(

D
ø

oÉ
X

t{
o

Ê
1É

{(
5

T
A

B
I,E

 X
X

I

a 
M

oR
P

I{
om

ûI
C

A
L 

C
0}

,ÍP
A

R
IS

oN
 
0F

 Q
U

E
E

N
S

 R
E

A
R

E
D

 F
no

M
 Y

oi
n'

tc
 L

A
,R

V
A

E
 P

LA
,C

E
D

 I
N

oN
E

 A
N

Ð
 T

W
o 

D
A

ï 
ot

D
 Q

T
IE

E
N

 C
E

T
IS

7 
81

¿
82 B

3
oB

4
hB

5 c6
4.

:' 'c
7

rc
g

oc
9 c1

0
()

 c
lt

Ie
ng

th
of bo

dy
(m

)

P
up

al
Le

ng
th

of
to

ng
ue

(r
r)

L5
.7

6
L5

.9
3

t5
.9

3
L6

.@
16

.0
9

L5
.7

6
L6

.4
1

L6
.2

5
L6

.2
5

L6
.&

L6
./,

f

M
ea

su
re

m
en

ts
Iæ

ng
th

 o
f 

tr
fe

lg
ht

ab
do

ne
n 

of

2.
76

2.
60

2.
æ

2.
76

2.
60

2.
æ

2.
76

2.
76

2.
æ

2.
84

2.
68

2.
7L

8.
78

 8
.6

1
g.

l0
 

8.
?8

9.
26

 8
.6

1
9.

10
 8

.9
4

9.
26

 8
.6

r

9.
10

 8
.6

0
9.

11
3 

9.
26

9.
10

 g
.g

4
9.

75
 8

.9
4

9.
26

 9
.1

0
9.

26
 9

.1
0

9.
22

 8
.8

6
M

ea
n 

].:
6.

12

b2

pu
pa

(n
gs

)

w
id

th
of

he
ad

(r
r)

A
¿

lr¡
1t

 M
ea

su
re

ne
nt

s
Le

ng
th

 E
ea

d 
Le

ng
tb

 W
td

th
of

 
l¡d

ex
 

of
 

of
he

ad
 (

W
/L

) 
ba

si
- 

ba
si

-

27
7

27
3

27
4

2& 27
5

2'
,1

6
29

0
27

8
zg

l
29

4
30

8

28
2.

O

("
)

3.
92

 3
.8

0
4.

O
5 

3,
80

3,
92

 3
.8

0
3.

99
 3

.7
3

3.
99

 3
.7

3

3.
86

 3
.6

L
3.

92
 3

.7
3

3.
86

 3
.7

3
3.

99
 3

.7
3

7.
92

 3
.6

7
3.

99
 3

 .7
3

3.
95

 3
.7

3

ta
rs

us
 t

ar
su

s
(r

t)
 

(m
¡u

)

1.
03

 2
.5

6
1,

(I
7 

2.
61

,
1.

03
 2

.6
8

r.
vl

 
2,

52
1.

07
 2

.6
/r

l.f
i 

2.
61

r
1.

05
 2

.7
2

1.
03

 2
.6

0
L.

gl
 

2.
6/

+
1.

C
I7

 2
.6

1,
L.

V
l 

2.
56

2,
62

B
as

l- 
Ie

 n
gt

h
ta

rs
al

 o
f

fn
de

x 
ca

pp
ed

,
(L

/W
) 

ce
ll

(n
tn

)

1.
20

 2
.7

3
1.

20
 2

.2
0

1.
28

 2
.q

L.
zI

+
 2

.9
3

I.2
I+

 2
.1

3

L,
20

 2
.2

0
1.

20
 2

.n
1.

20
 2

.7
7

1.
20

 2
,2

0
I.2

l+
 2

,I3
1.

20
 2

.1
3

I.2
2

Ie
ng

th
of

de
ve

lo
p-

ne
nt

(h
rs

)

u L4 15 T
3 u u u ].'
l,'

L5 t3 u 1/
r.

 O

38
6.

25
!L

.2
5

27
8.

5!
/+

.5
28

9.
75

r^
I.2

5
27

8.
5t

¿
r.

5
28

/+
.o

tl.
o

28
9.

75
1L

.2
5

28
/+

.O
t1

.0
27

8.
5!

¡r
.5

3t
2.

O
ltr

.5
30

2.
út

r.
5

28
9.

75
!L

.?
5

C
on

tin
ue

d.
.. -l F



,tD {,
 

å 
B

ee

â 
Ë

 
F

{ 
N

o.
É

@
o

i{ 
E

l 
.r

l
f{

 
+

t 
+

t
06

@
cr

. 
o 

ß
i

H
-k

tD
Ê

1E
{C

5

7 
Í 

B
1

3 
82

rt
 8

3
B

81
.

ttB
 

5

qc
6

Ë
c7 È
.c

 I
óc

9
g 

c1
0

o 
cl

1
M

ea
n

Ie
ng of

bo
dy

(n
)th

P
up

aL
Le

ng
th

of
to

ng
ue

(t
t)

L5
.lr

l, 
2.

76
 9

.1
0

L6
.2

5 
2,

84
 9

.2
6

L6
,2

5 
z.

æ
 

9.
26

15
.9

3 
2.

84
 9

.2
6

15
.7

6 
2.

60
 g

.1
o

L6
.5

8 
2.

76
 g

.jg
L6

.5
8 

2.
92

 g
.g

L
16

.2
5 

2.
76

 g
,l+

3
16

.9
0 

z.
60

 g
.5

g
L6

.2
5 

2.
76

 g
.'1

5
L5

.7
6 

2.
æ

 
9.

10
16

.1
8 

2.
'.1

5 
g.

/,,
O

M
ea

su
re

ne
nt

s
Ie

ng
th

 o
f

ab
do

ne
n

(n
m

)
1.

2
ao

IA
B

IE
 X

X
I 

(c
on

tln
ue

d)

W
ei

gh
t

of
pu

pa
(n

es
)

A
du

lt 
M

ea
su

re
ne

nt
s

V
üt

dt
h 

Le
ng

th
 H

ea
d 

In
ng

th
 T

lld
th

of
 

of
 

in
de

x 
of

 
of

he
ad

 h
ea

d 
(W

/L
) 
ba

si
- 

ba
si

-
(m

) 
(m

) 
ta

rs
us

 t
ar

su
s

(t
t)

 
(r

r)

9.
59

 2
6/

r
8.

94
 2

8l
-

8.
?8

 2
80

8.
61

 2
65

8.
61

 2
51

+

9.
11

3 
29

8
9,

1+
3 

-"
L2

8.
91

+
 3

rz
9.

1e
3 

28
5

8.
78

 3
oo

8.
10

5 
28

/r
9.

00
 2

85
.0

3.
92

 3
.6

7 
1.

0?
/+

.0
5 

3.
8O

 L
.V

l
3.

gg
 3

.8
0 

1.
05

3.
99

 3
.7

3 
1.

0?
3.

92
 3

.6
',1

 L
U

|
3.

99
 3

.7
3 

1.
0?

3.
92

 3
.6

7 
1.

O
7

3.
gg

 3
.8

0 
1.

05
3 
,9

2 
3.

6L
 I

.@
lr.

O
5 

3.
73

 1
.@

3.
99

 3
.7

3 
r.

g7
3.

98
 3

.7
2

B
as

i-
ta

rs
al

ln
de

x
(L

ß
)

2.
56

 L
.z

tt 
2,

A
6

2.
60

 1
.2

/+
 2

.1
0

?.
'7

2 
r.

28
 

2.
r3

2.
68

 1
.2

8 
2.

W
2.

10
8 

1.
20

 2
.9

7

2.
52

 1
"2

8 
L.

ll
2.

6/
, 

1.
08

 2
.1

+
Å

,

2.
76

 l
.z

t+
 2

.2
3

2.
60

 1
.1

6 
2.

?J
,

2,
52

 1
.2

0 
2,

10
2.

56
 1

.2
0 

2.
L3

2.
60

 L
.2

2

te
ng

th
of

ca
pp

ed
ce

Il
(r

')

Iæ
ng

th
of

de
ve

lo
p-

ne
nt

(n
rs

)

L6
 

29
9.

75
!1

"2
5

L6
 

27
8.

5!
4.

5
18

 
27

8.
5t

/+
.5

16
 

27
8.

5!
¡r

.5
16

 
21

8.
5!

t+
.5

l8
 

29
2.

É
0.

5
16

 
2)

2.
0!

0.
5

v 
3t

2.
5!

4,
5

r7
 

38
6.

25
!L

.2
5

16
 

2æ
.7

5!
L.

?5
L5

 
38

6.
25

!L
,2

5
16

.3

eo
nt

ln
u€

d.
... -¡ t\'ì



o
..-

? 
5 

B
ee

$Ë
rr

N
o"

E
l(D

n
{{

É
rl

h+
t+

t
oq

t(
D

o.
@

Ê
l

H
''{

@
t'ì

 
Ê

{ 
L5

7 
81

"5
B

z
C

B
3

oB
lr

ãB
l.

3 
B

 6
rt

Ie
ng

th
of

bo
dy

(*
)

P
up

al
Le

ng
th

of
to

ng
ue

(r
r)

16
.5

8 
2.

8t
,

L5
.9

3 
2.

68
16

.5
8 

2.
60

r6
.tJ

 
2.

60
L5

.7
6 

2.
60

L6
,@

 
2.

æ
16

.@
 

2.
68

].:
6.

4A
 2

.9
2

L6
.A

a 
2.

76
16

.2
5 

2.
68

16
. 
@

 
2.

76
16

.9
0 

2.
76

16
.2

9 
2.

?r

M
ea

su
re

ne
nt

s
In

ng
th

 o
f

ab
do

ne
n

(n
m

)
1-

2
A

D

€c
7

€c
B

hc
9

,g
 c

10
o 

cI
t

å 
cL

z
M

ea
n

IA
B

LE
 Ð

(I
 (

eo
nt

ln
ue

d)

g.
5g

 9
.1

0
9.

26
 8

.?
8

9.
59

 9
.2

6
9.

26
 g

.1
O

9,
26

 8
.7

8
9.

10
 8

.9
4

9.
26

 8
.7

8
9.

1,
,3

 9
.1

0
9.

75
 9

.1
0

g.
5g

 8
,9

4
9J

0 
8.

61
9.

9L
 9

.5
9

9.
1*

3 
g.

o1

!tr
ei

gh
t

of
pu

pa
(r

er
)

l^
Ild

th
of

he
ad (r
r)

A
dú

t 
M

ea
su

re
ne

nt
s

Le
ng

th
 H

ea
d 

la
ng

th
 W

id
th

of
 

L¡
de

x 
of

 
of

he
ad

, 
(W

/L
) 
ba

sl
- 

ba
sl

-

zg
t+

 
3.

gg
 3

.8
6

27
8 

3.
gg

 3
.6

7
27

9 
3.

gg
 3

.8
0

27
/+

 
3.

gg
 3

.8
0

26
6 

3.
92

 3
.7

3
26

/1
 

3.
99

 3
.7

3
28

/r
 

3.
gg

 3
.8

0
2g

r 
3.

92
 3

.7
3

3U
7 

3.
gg

 3
.7

3
29

6 
3.

92
 3

.6
7

28
6 

3.
92

 3
.7

3
28

9 
3.

92
 3

.6
7

28
1+

.o
 3

.9
6 

3.
71(r
r)

ta
rs

us
 t

ar
su

s
(m

n)
 (

r')

1.
03

 2
.6

4
1.

cJ
9 

2.
æ

1.
05

 2
.6

4
1.

05
 2

.5
6

L,
U

l 
2.

60
1.

ü/
 

2,
56

B
as

i- 
Iæ

ng
th

ta
rs

al
 

of
ln

de
x 

ca
pp

ed
.

(L
ft)

 c
eI

l
(t

t)

1.
05

L.
V

l
1.

07
1.

Ø
I.0

5
L.

g7

L,
2Å

, 
2.

L3
I.2

0 
2.

17
I.2

l+
 2

,1
3

l.u
 

2.
ú

1.
20

 2
.n

1.
20

 2
.r

3
l.?

4 
2.

Ø
L,

21
, 

2.
I3

I.2
/, 

2.
ú

L.
¿

l+
 2

.1
6

r.
2l

r 
2.

6
1.

16
 2

.3
1

I.2
2

2.
52

2.
61

r
2.

56
2.

68
2.

56
2.

72
2.

6L

ie
ng

th
of

cl
ev

el
op

-
ne

nf
(u

"s
)

18
 

3y
2.

5t
l+

.5
17

 
28

1+
.ú

/+
.5

r7
 

27
8.

5!
¡r

.5
$ 

27
8.

5!
4.

5
L7

 
27

9.
5t

4,
5

18
 

27
8.

5!
¡r

.5

L7
 

27
8.

5t
/+

.5
L7

 
?F

-:
 '2

5!
g'

25
L7

 
28

).
75

17
.2

5
17

 
28

/+
.0

!/+
.5

18
 

28
9.

75
!I.

25
16

 
27

8.
5x

4.
5

17
.0

-¡ o\



(D d
Ë

 .r
, 
j 

B
ee

3ã
oN

o
+

{E
ld

t{
P

{J
oq

to
9{

(D
g

X
ß

{O
t-

l 
F

| 
c5

T
A

B
I,E

 X
X

T
I

å 
M

oR
P

E
oI

¡û
IC

A
L 

C
oM

P
A

R
IS

oN
 
0F

 Q
U

E
IN

S
 R

E
A

R
E

D
 F

no
M

 Y
oi

nÍ
G

 L
A

R
V

A
E

 P
LA

C
E

D
 Iì

i

0l
fE

 A
N

D
 T

Ir
ù0

 D
A

Y
 O

LD
 Q

U
E

E
N

 C
E

T
.T

S

I.e
ng

th
of

bo
dy

(r
r)

I 
A

1
-4

2 A
3_

oA
lr'

Ê
Ê

t.
c7

H
 c

 I c9
o 

cl
ó

<
r 

C
IL

c1
2

P
up

aI
Le

ng
th

of
to

ng
ue

(t
*)

L6
./r

t
16

.5
8

L6
.5

8

16
.4

1
16

.2
5

L6
.2

5
16

.9
0

16
.9

0
L6

.5
8

16
.9

0
].6

.5
8

L6
.5

8

M
ea

 s
ur

en
en

ts
Ie

ng
th

 o
f

ab
do

m
en

(n
m

) 
_

1.
2

ao

2.
60

2.
1Å

,
2.

60

2.
76

2.
52

2.
1+

4
2.

M
2.

60
2.

44
,

2.
M

2.
1+

4,

2.
52

9.
28

 9
.1

0
9.

75
 9

 .l
rj

g.
5g

 9
.2

6

9.
/+

3 
9.

10
g.

5g
 9

.1
0

9.
59

 9
.1

0
L0

.2
lr 

g.
5g

10
.0

8 
9.

75
g.

gl
 

9.
26

10
.0

8 
g.

5g
9.

59
 9

.2
6

9.
74

.9
.3

2

tíe
tg

ht
of

pu
pa

(r
e"

)

M
ea

n

A
du

lt 
M

ea
eu

re
ne

nt
s

lft
dt

h 
læ

ng
th

 H
ea

d 
Le

ng
th

 W
ld

th
of

 
of

 
In

de
x 

of
 

of
he

ad
 h

ea
d 

(ll
/L

) 
ba

sl
- 

ba
si

-
(t

t)
 

(t
t)

 
ta

rs
us

 ta
rs

us
(r

r)
 

(r
*)

26
7 

j.8
6 

3.
61

27
9 

3.
96

 3
.6

7
28

3 
3.

80
 3

 .6
7

3.
73

 3
.6

r
27

O
 

3.
86

 3
.6

7
26

5 
3.

73
 3

.6
7

28
5 

3.
80

 3
.6

7
30

5 
3.

92
 3

.8
0

29
2 

3.
92

 3
.8

0
28

1 
3,

92
 3

.7
3

28
6 

3.
86

 3
.7

3
29

0 
3.

92
 3

.6
7

28
2.

0 
3.

85
 3

.7
0

*n
"u

dy
 to

 e
ne

rg
e 

be
fo

re
 p

up
a 

co
ul

d.
 b

e 
m

ea
su

re
d.

.1.
05

 2
.5

6 
1.

16
r.

o5
 

2.
56

 L
.z

O
1,

04
 2

,æ
 1

.1
6

1.
03

 2
,5

6 
r.

?O
1.

05
 2

.5
2 

r.
U

1.
02

 2
.5

6 
1.

20

I.A
/, 

2.
60

 1
.1

6
1"

03
 2

.7
6 

1.
20

1.
03

 2
.6

0 
r.

20
1.

05
 2

.5
6 

1.
20

1.
04

 2
.6

4 
r.

16
1.

07
 2

.6
0 

1.
16

2.
60

 1
.1

9

B
as

l-
ta

rs
el

ln
de

x
(L

/\Ã
)

Le
ng

th
of

ca
pp

ed
ce

ll
(t

t)

2.
2r

2.
L3

2.
3L

2.
L3

2.
O

3
2.

r3
2.

21
+

2.
30

2"
L7

2.
L3

2.
28

2.
21

t

Ie
ng

th
of da

ve
lo

p-
m

en
t.

(u
rr

)

I4 16 u L5 t5 v L5 $ $ L5 u u 14
.8

30
tr

.É
1r

.5
3Q

Ir
.Ê

tr
,5

30
1*

.É
tr

,5
27

8.
5t

1+
.5

3O
l+

.É
t+

.5
3}

lr.
È

tr
.5

31
tr

.O
!/r

.5
32

8.
É

/r
,"

5
31

tr
.ú

/r
.5

31
lr.

o!
4,

5
3O

/t.
O

!l+
.5

3I
0.

dl
.5

C
on

t'l
nu

ed
. 
.. -I -I



o
+

2 
â 

B
ee

ãË
F

{N
o"

Ê
l(D

q,
+

tE
td

h+
t+

)
(D

ct
(D

g.
(D

E
l

X
-ß

lo
É

t 
É

{ 
c,

Ie
ng

th
of

bo
dy

(r
r)

I 
qA

 
I

ãa
 

2
3a

 3
rt

A
 

L
Ë

a 
t

-d
 A

 6
3c

 
1

oc
 

I
ä'

c 
9

'tr
 c

 1
ó

Ë
 c

u
Ù

le
an

P
up

al
In

ng
th

of
to

ng
ue

(t
')

L6
,2

5 
2.

68
l.6

.l+
L 

2.
1&

l.6
.F

 
2.

4t
*

L6
.z

j 
z.

l¿
+

L6
.5

8 
2.

M
L6

./r
a 

2.
60

17
.0

6 
2.

M
L7

.ú
 

2.
M

L6
.Ð

 
2.

60
L7

.2
3 

2.
/¿

+
L7

.0
6 

2.
60

L6
.6

,5
 2

.5
r

M
ea

su
re

m
en

ts
Le

ng
th

 o
f

ab
do

ne
n

(n
m

)
1.

2
A

D

ÎA
B

LE
 X

X
II 

(c
on

tin
ue

d)

W
el

gh
t

of
pu

pa

(n
gs

)

9.
26

 8
.9

4
9.

75
 9

.2
6

9.
gL

 9
.2

6
9.

59
 9

.1
0

9.
75

 9
.2

6
9.

75
 9

.2
6

IO
.0

8 
9.

75
LO

.2
lr 

9.
',7

5
g.

5g
 9

.1
0

10
./+

0 
g.

gI
11

0.
2/

r 
9.

75

9.
87

 9
.3

9

A
du

lt 
M

ea
su

re
m

en
ts

W
ld

th
 L

en
gt

h 
H

ea
d 

Le
ng

th
 W

id
th

of
 

of
 

In
d.

ex
 o

f 
of

he
ad

 h
ea

d 
(W

/L
) 
ba

sl
- 

ba
si

-
(,

,)
 (,

,n
) 

rif
fi'

 .i
ffi

'

27
2 

3.
86

 3
.6

7
27

1,
, 

3.
86

 3
.6

7
27

7 
3.

90
 3

.6
7

27
4.

 3
.9

6 
3.

67
27

1 
3.

73
 3

.5
4

26
 

3.
73

 3
.6

L
3O

3 
3.

92
 3

,8
0

28
7 

3.
gg

 3
.6

7
3U

 
4.

O
5 

3.
86

31
0 

3.
86

 3
.7

3
29

2 
3.

80
 3

.6
7

28
5.

5 
3,

86
 3

.6
9

1.
05

 2
.5

2
1.

05
 2

.5
6

1.
0/

, 
2.

6/
*

1.
05

 2
,1

o8
1.

05
 2

.5
2

1.
03

 2
.5

2

1.
03

 2
.5

6
1.

09
 2

.6
0

1.
05

 2
.6

8
1.

04
 2

.6
1r

1.
0/

+
 ' 

2.
48

2.
56

B
as

l-
ta

rs
al

ln
d.

ex
(t

t\t
)

Le
ng

th
of

ea
pp

ed
ce

ll
(r

*)

1.
20

 z
.L

O
l_

.1
6 

2.
2r

1.
20

 2
'.2

0
1.

16
 2

.1
tr

1.
16

 z
,L

'l
I.2

0 
2.

lo
1.

20
 2

.r
3

1.
20

 2
.L

7
1.

20
 2

.2
3

1.
20

 2
.2

A
1.

16
 2

.1
1r

1.
19

Ie
ng

th
of

de
ve

lo
p-

ne
nt

(n
rs

)

T
6

L5 v I4 16 v

3o
/,.

ot
¡r

.5
3O

/r
.O

!¡
r.

5
3O

Ir
.Ê

/r
.5

3O
/+

.ú
/r

.5
3O

/r
.É

4,
5

2J
-3

.7
5t

¡.
75

2L
3.

75
!r

.7
5

3o
/+

,æ
I+

.5
32

8.
È

tr
.5

3A
4.

É
4.

5
3O

/,,
.a

14
.5

16 16 16 L6 u L5
.l+

C
on

tL
nu

ed
... -t æ



g 
B

ee

Ë
 

+
1 

5 
N

o.
oÉ

I
E

l(D
o

.r
l 

E
l 

rt
Ê

{+
t{

J
(D

6(
D

ç¡
.(

D
d

X
-A

(D
f'I

 
É

{ 
<

5

in
ng

th
of

bo
dy

(r
r)

I 
aI

ro
A

2
H

 A
3

S
A

lr
É

 A
5

E
A

6
d (r

c7
3 

c8
. 

o 
cg

ä.
 c

10
d 

ct
t

9 
cr

z
E

{ M
ea

n

P
up

al
Le

ng
th

of
to

ng
ue

(r
r)

M
ea

su
re

m
en

ts
Ie

ng
th

 o
f

ab
do

m
en

(m
¡r

)
r.

2
A

D

L5
.7

6 
2.

68
 9

.lo
16

.5
8 

2.
68

 g
.g

r
16

.5
8 

2.
52

 1
1.

05
L6

.4
A

 2
.5

2 
9.

75
r6

.w
 

2,
52

 9
.2

6
16

.5
8 

2.
60

 g
.g

1

16
.5

8 
2.

60
 9

.7
5

L5
.9

3 
2.

1+
1+

 9
.1

0
L7

.0
6 

2"
1+

/+
 1

0.
40

l:6
.5

8 
2.

60
 9

.7
5

L6
.t+

l 
2"

60
 9

.7
5

16
.9

0 
2,

/+
l+

 9
.7

5
l.6

.l+
6 

2.
55

 g
.7

g

T
A

B
LE

 x
xI

I 
(e

on
tln

ue
d)

lle
ig

ht
of

P
up

a

(n
e"

)

8.
t*

5 
26

/r
9.

26
 3

00
9.

/ô
 

27
t+

9.
10

 2
75

8.
94

 2
60

9.
43

 2
72

9.
26

 2
96

8.
gt

+
 2

57
9.

75
 3

45
9.

26
 2

gg
9.

10
 2

80
9,

59
 3

0L

9.
2r

 
28

1.
9

r{
1d

th
of

he
ad

.

(r
r)

A
dÌ

rlt
 M

ea
su

re
ne

nt
s

Ie
ng

th
 H

ea
d.

 I
en

gt
h 

!ü
id

th
of

 
ln

de
x 

of
 

of
he

ad
 (

t¡
/t'

) 
ba

sl
- 

ba
sl

-
(r

r)
 

ta
rs

us
 t

ar
su

s
(t

n)
 

(t
to

)

3.
86

3.
80

3.
67

3.
8o

3.
86

3.
80

3.
gg

3.
73

/*
,1

1
3.

gg
3.

80
3.

9?

3.
86

3.
67

 1
.0

5
3.

73
 1

.0
2

3.
61

 1
.0

2
3 
"7

3 
r.

æ
.

3.
67

 1
.0

5
3.

67
 l

.o
/,

3.
80

 . 
1.

05
3.

6L
 1

.0
3

3.
86

 1
.0

?
3 
.8

0 
1.

0/
*

3.
6L

 1
.0

6
3.

73
 1

.0
5

17
L

B
as

l-
ta

rs
al

ln
de

x
(L

fr
I)

2.
18

2,
6t

+
2.

56
2.

60
2.

61
,

2.
6t

r

Le
ng

th
of

ca
pp

ed
ce

Il
(m

t)

1.
20

 2
.0

7
I.2

4 
2.

13
1.

20
 2

.!3
l.1

6 
2.

21
þ

1.
16

 2
.2

8
L.

zA
 2

.2
0

Ie
ng

th
of

de
ve

lo
p-

ne
nt

(h
rs

)

2.
60

 l
.2

l+
 2

.1
0

2.
æ

 
1.

20
 2

.I7
2.

72
 r

,U
 

2.
19

2.
68

 1
.1

6 
2.

3r
2.

52
 1

.2
0 

2.
10

2,
61

1 
1.

20
 2

.2
Q

2.
61

 1
.2

0

18 18 19 19 L9 1? T
9 19 T
7 18 18 n 18

.2

31
l*

.É
tr

.5
3L

3,
75

!r
.7

5
31

lr,
út

r"
5

30
4.

É
4.

5
3O

/r
.ú

/0
.5

30
4.

É
tr

.5
?1

3.
75

!r
.7

5
3A

4.
ú/

r"
5

3o
/n

.ú
/r

.5
3r

0,
5!

L.
5

3O
/+

.Ê
1r

.5
32

8.
É

tr
,5

-l \o



@ Ê
l

Jt
 

r{
A

 
+

t 
r{

 
.ú

eg

E
ão

N
o.

.i{
 

E
l 

rt
h 

ii 
.+

5
of

¡t
(D

O
.c

)E
l

X
-t

{(
D

f'l
 

E
-{

 c
5

T
A

B
I,E

 X
X

IIT

a 
M

oR
P

H
oI

O
G

IC
A

L 
C

oM
P

A
R

IS
oN

 0
F

 Q
U

E
E

N
S

 R
E

À
R

E
D

 F
R

0M
 T

oU
ltG

 I
Á

.R
V

A
E

 P
LA

C
E

D
 I

N

0l
fE

 A
N

D
 1

t¡
i0

 D
A

T
 0

IÐ
 Q

IIf
fiN

 C
E

T
I,S

9 
Â

1
..t

A
2: a3

*
oa

L
ß

{4
5 A
6

+
t

Ie
ng

th
of

bo
dy (m

r)

P
up

al
Ie

ng
th

of
to

ng
ue

(u
)

16
.9

0

l-:
6.

25
t6

.7
L

]-
.6

.2
5

M
ea

su
re

m
en

ts
Ie

ng
th

 o
f

ab
do

m
en

(n
m

)
1 

.2
A

D

B
 7

 
16

.9
0

É
 B

 I
 

L6
.5

8
o 

B
 9

 
16

.5
8

B
 1

0 
16

.2
5

o 
B

 u
 

16
.lo

r
B

 1
2 

L6
.t+

l
M

ea
n 

L6
.5

3

2.
68

 1
0.

08

2.
M

 
9.

91
2.

44
 1

0.
40

2.
/+

4 
9.

59
2.

1+
/+

 1
o.

56
2.

60
 g

.g
1

2.
8/

r 
9.

75
2.

68
 9

,5
9

2.
68

 1
0.

08
2.

76
 9

.7
5

2"
60

 g
.9

6

l-I
el

gh
t

of
pu

pa
(r

es
)

9.
75

 2
72

9.
26

 2
7O

9.
75

 2
5L

8.
9/

, 
27

3

10
.0

8 
26

5
9.

/+
3 

27
O

9.
10

 2
82

8.
9/

, 
28

0
9.

26
 2

76
8.

gt
r 

30
0

9.
35

 2
73

.9

ïIi
dt

h
of

he
ad

(r
*)

A
du

lt 
M

ea
su

re
m

en
ts

Le
ng

th
 H

ea
d 

f,e
ng

th
 W

id
th

of
 

ln
de

x 
of

 
of

he
ad

 (
\l/

L)
 b

as
i- 

ba
sl

-

*R
""

dy
 to

 e
m

er
ge

 b
ef

or
o 

pu
pa

 c
ou

ld
 b

e 
ne

as
ur

ed
..

(*
t)

3.
80

 3
.6

7
3.

92
 3

.8
0

).
96

 3
.6

7
3.

73
 3

.5
1+

3.
80

 3
.6

L
3 
.7

3 
3.

67
3.

86
 3

.7
3

3.
92

 3
.6

7
l+

.o
5 

3.
86

3.
99

 3
.8

0
3.

86
 3

.7
3

tr
.o

5 
3 

"9
2

3.
88

 3
.7

2

ta
re

us
 t

ar
su

s
(r

r)
 

(n
m

)

1.
03

 2
.6

1r
1.

03
 2

.6
0

r.
05

 
2.

52
1.

05
 2

.6
0

1.
05

 2
.5

6
L.

gz
 2

.æ
1.

03
 .

 2
.5

6
r.

0?
 

2.
56

1.
05

 2
.6

0
1.

05
 2

.6
8

1.
03

 2
.5

2
l.g

) 
2,

72
2.

60

B
as

i- 
Ie

ng
th

ta
rs

al
 

of
in

de
x 

ca
pp

ed
.

(L
fr

) 
ce

II
(t

*)

1.
20

 2
.1

7
1.

20
 2

.n
1.

28
 r,

W
L,

?J
+

 2
,W

r.
16

 
2.

2L
L.

24
 2

.1
6

I.2
8 

2.
00

1.
16

 2
.?

J
L.

24
 2

.W
r.

u 
2.

16
1.

20
 2

.L
Ð

1.
28

 2
.L

3
L.

23

In
ng

th
of

de
ve

lo
p-

m
en

t
(h

rs
)

16
 

3o
5.

5!
4.

5
V

 
28

tr
.5

t1
r.

5
L5

 
28

tr
.5

!4
.5

L5
 

28
/r

.5
!4

.5
u 

28
/*

.5
!1

o,
5

L5
 

30
5.

5!
/1

.5

16
 

30
0.

5t
6.

0
r7

 
29

2,
5!

0.
5

L7
 

3O
5.

5!
¡r

.5
L5

 
30

5.
5!

/+
.5

L5
 

30
5.

5!
tn

.5
U

 
30

5.
5!

/r
.5

L5
'.1

eo
nt

iru
ed

. .
 .

æ o



o É

Ë
+

,¡
]B

ee
E

S
oN

on
T

{É
rl

h+
t+

)
(D

qt
@

o.
(D

Ê
H

'ß
{o

f'l
 

E
{ 

c5

9o
, F

{ -l (D () 'É (D o t C
'

d rl o h 6 ,td {D É o

I.e
ng

th
of

bo
dy

(r
r)

A
 1

 
L6

.W
A

 2
 

]-
.6

.7
/+

A
 3

 
L6

.7
4

A
 t

+
 L

6.
25

A
 5

 
L6

.g
O

A
 6

 
L6

.2
5

B
 7

 
16

.5
8

B
 8

 
].6

,5
8

B
 g

 
f.6

.7
/+

B
 1

0 
L6

,/+
l

B
 1

r 
L6

.2
5

B
 1

2 
!6

.À
J

M
ea

n 
L6

.5
O

hr
pa

l
Ie

ng
th

of
to

ng
ue

(.
to

)

M
ea

su
re

m
en

ts
Le

ng
th

 o
f

ab
do

ne
n

fu
sm

) 
-

1.
2

A
D

ÎA
B

LE
 X

X
III

 (
eo

nt
in

ue
d)

2.
52

 iO
.¿

*O
2.

60
 1

0,
56

2.
60

 1
0.

56
2.

60
 9

.7
5

2.
52

 rO
.2

/+
2.

52
 I0

.2
4

2.
76

 1
0.

08
2.

4.
4,

 9
.7

5
2.

76
 r

O
.2

/,
2.

76
 g

./+
3

2,
68

 g
./+

3
2.

1+
l+

 L
0.

24
2.

60
 1

0.
08

tJ
el

gh
t

of
pu

pa (n
ge

)

A
du

lt 
M

ea
su

re
m

en
t,s

l,I
ld

th
 le

ng
th

 H
ea

d 
le

ng
th

 l¡
lld

th
of

 
of

 
i¡d

ex
 

of
 

of
he

ad
 h

ea
d 

(\
l/L

) 
ba

sl
- 

ba
si

-
(r

n)
 

(r
.)

 
ta

rs
us

 t
ar

su
s

(n
r)

 
(r

*)

g.
1o

 2
66

g.
g1

 2
æ

g,
9L

 2
5/

+
8.

9t
* 

27
0

9.
59

 2
88

9.
10

 2
72

g.
1o

 2
86

9.
59

 2
56

9.
59

 2
8/

r
9.

10
 2

77
8.

94
 2

63
9.

59
 2

67
9,

37
 2

70
.9

3.
73

 3
.6

L
3.

80
 3

.6
7

3.
67

 3
.5

/*
3.

92
 3

.7
3

3.
92

 3
.7

3
3.

80
 3

.6
L

3.
gg

 3
,8

6
3.

86
 j.

67
3.

99
 3

.7
3

3.
92

 3
,7

3
3.

96
 3

 .6
7

3,
86

 3
,7

3
3.

86
 3

.7
0

L.
U

) 
2.

56
1.

03
 2

.5
6

r.
o4

 
2.

56
1.

05
 2

.5
6

1.
05

 2
.6

4
1.

05
 2

.6
8

1.
03

 2
.6

0
1.

05
 2

./r
8

1.
(}

7 
2.

6/
,

1.
05

 2
.5

2
1.

05
 2

.5
2

f 
.0

3 
2.

5?
2.

5'
l

B
as

l-
ta

rs
al

i n
d.

ex
(L

/\Ã
)

Ie
ng

th
of

ca
pp

ec
l

ee
ll

(r
r)

1.
20

 2
.L

3
Lz

ln
 2

.A
6

1.
r2

 
2.

9
1.

20
 2

.L
3

I.2
/+

 2
,L

3
L,

2/
+

 2
.L

6

1.
20

 z
,y

l
I.2

l+
 2

.æ
1.

12
 2

.3
6

1.
20

 2
"1

Ð
L.

2l
r 

2.
9)

I.2
4 

2.
O

3
1.

21

Ie
ng

th
of

de
ve

lo
p-

m
en

t
(h

rs
)

I7
 

28
/,,

.5
!¡

n.
5

I7
 

28
/n

.5
t4

.5
18

 
28

9.
25

5.
25

16
 

3a
2.

È
4.

5
L7

 
28

9.
25

+
L.

25
18

 
29

2.
5!

0.
5

r7
 

3y
2.

út
r,

5
17

 
28

/r
.5

!4
.5

L7
 

30
5.

5!
t*

.5
L7

 
3o

5,
5!

/*
.5

r7
 

30
5.

5!
/*

.5
I7

 
28

4.
5!

4.
5

17
"1

co
nt

in
ue

d.
..

co H



@ d
4r

 
rl 

.B
ae

E
t 

+
t 

r{
oÉ

N
o.

å 
E

.e
k+

t4
t

cr
6q

)
P

{(
D

É
X

ß
{<

o
f{

 
É

{ 
c5

r{
g 

Ë
 

A
1

oA
z

ãa
)

B
at

+
o ¡d

85
t 

B
6

Þ
à8

7
ë 

B
8

o 
89

.T
 B

lo
M

oa
n

Io
ng

th
of

bo
dy

(*
)

P
up

al
Ie

ng
th

of
to

ng
ue

(u
)

16
.5

8 
2.

/+
I+

15
.9

3 
2.

60
16

.9
0 

2.
/¿

+
L6

.g
o 

2.
60

L6
.@

 
2.

68
l.6

.@
 

2.
60

16
.0

9 
2,

60
16

"2
5 

2.
68

16
.2

5 
2.

68
16

,0
9 

2.
36

16
.3

2 
2.

57

T
A

B
LE

 Iß
III

 (
co

nt
ln

ue
d)

M
oa

su
re

m
en

ts
In

ng
th

 o
f

ab
do

m
en

(m
m

)

1.
2

ao 11
.2

1 
g.

ln
3

10
.0

8 
8.

78
LO

.2
lr 

g.
5g

ro
.7

3 
9.

75

9.
75

 9
.1

0
9.

59
 8

.9
1*

g.
lo

 8
.7

8
10

.ó
8 

8.
94

9.
9I

 9
.1

0
10

.0
8 

9.
10

10
.0

8 
g.

L5

W
el

gh
t

of
P

up
a

(n
gs

)

!il
dr

h
of

he
ad

(r
r)

Â
du

lt 
M

ea
su

re
ne

nt
s

Le
ng

th
 E

ea
d.

 iæ
ng

th
 W

ld
th

of
 

in
de

x 
of

 
of

he
ad

 (
W

/L
) 
ba

si
- 

ba
si

-

27
9 

'3
.7

3 
3.

51
+

 L
.O

5
26

7 
3.

80
 3

.6
7 

L.
t)

28
L 

3.
86

 3
.6

7 
t.o

5
28

L 
3.

86
 3

.6
1 

1.
07

28
L 

3.
92

 3
.8

O
 1

.0
3

26
8 

3.
86

 3
.7

3 
1.

03
27

6 
3.

92
 3

.7
3 

1.
05

27
3 

3.
92

 3
.7

3 
L.

O
5

26
7 

3.
86

 3
,7

3 
1.

03
26

5 
3.

92
 3

.7
3 

L.
05

27
3.

8 
3.

87
 3

.6
9

(*
)

ta
re

us
 t

ar
su

s
(r

r)
 

(m
r)

B
as

i- 
Le

ng
th

ta
rs

el
 

of
ln

de
x 

ca
pp

ed
(L

/\Ã
) 

ce
ll

("
)

2.
6/

,
2.

52
2.

52
2.

61
,

2.
61

r
2.

60
2.

56
2.

61
r

2.
52

2.
52

2.
59

l.u
 

2.
!3

1.
20

 2
.IA

I.2
4 

2.
G

6
1.

20
 2

.2
Ð

1.
2/

r 
2.

!3
1.

28
 2

.û
j

!.2
4 

2.
ú

L2
0 

2.
2Ð

I.2
0 

2.
10

1.
20

 2
.L

0
I.2

2

Ie
ng

th
of

de
ve

lo
p-

ne
nt

(n
rs

)

18
 

28
tn

,5
!¡

r.
5

rg
 

28
9.

25
!1

.2
5

18
 

39
2.

25
tO

,2
5

18
 

29
0.

75
!0

.2
5

19
 

29
2.

5t
0.

5
19

 
30

2.
ú/

+
.5

20
 

3t
2'

ar
4'

5
1g

 
29

L.
5!

O
.5

rg
 

?8
9.

25
+

L.
25

20
 

28
/r

"5
!4

.5
18

.8

6 À
)



T
A

B
T

E
 X

X
IV

T
 T

E
S

T
 P

R
O

B
A

B
T

LT
ÎT

 V
A

T
U

E
S

 F
O

B
 C

O
M

P
A

R
T

S
O

N
 
O

F
 B

E
E

S
 P

R
O

D
Ü

C
Ð

 F
N

O
M

 C
O

}E
N

O
I 

T
N

E
A

T
}Í

E
I{

T
S

A
N

D
 F

N
O

M
 I

,A
R

V
A

E
 P

T
,A

C
Ð

 I
N

 O
N

E
 O

R
 T

liO
 D

A
Y

 O
ID

 Q
IIM

N
 C

E
LI

S

- 
--

=
:::

:ï-
--

-=
'--

ffi
5ï

:*
-:

¡ 
l€

np
th

 o
f 

ab
do

m
en

 
E

ea
d 

B
as

lta
rs

us
T

l 
æ

+

$ 
* 

T
re

at
ne

nt
 L

en
gt

h 
le

ng
th

 1
 

.2
 

W
el

gh
t 
of

 W
id

th
 I

æ
ng

th
 I

en
gt

h 
W

id
th

 
le

ng
th

 o
f 

ce
lI

o"
 ir

 
of

 
of

 
a-

 
b-

 
pu

pa
H

'@
É

'1
 E

 
bo

dy
 

to
ng

ue

#6
 

C
on

t'r
o1

/O
no

 N
.S

. 
N

.S
.

da
y 

ce
ll 

D
f=

20
G

on
tr

ol
¡î

w
o

da
y 

ce
ll 

N
.S

. 
N

.S
.

D
f=

19

#l
 

C
on

tr
ol

/o
ne

da
y 

ee
Il 

N
.S

. 
N

.S
.

D
f=

21
C

on
tr

ol
/'T

w
o

da
y 

co
ll 

N
.S

. 
N

.S
.

D
f¡

?Z

#g
 

co
nt

ro
l/o

ne
da

y 
ce

ll 
N

.S
. 

N
.S

.
D

f=
21

C
on

tr
ol

/lw
o

da
v 
ce

,-
l 

ol
:å

¿
 N

's
'

#9
 

C
on

tr
ol

/O
no

da
y 

ce
1l

 
N

.S
. 

N
.S

.
D

f=
20

C
on

tr
oJ

-¡
îw

o
da

y 
ce

ll 
N

.S
. 

N
nS

.
D

f=
19

N
.S

.

N
. 
S

.

N
.S

.

N
. 
S

.

N
. 
S

.

N
.S

.

N
. 
S

.

Iæ
ge

nd
: 

N
.S

.=
 n

on
 s

lg
ni

fie
an

t.
D

f 
=

 d
eg

re
es

 o
f 

fr
ee

do
xû

.

N
.S

. 
N

.S
.

6.
88

 c
- 

N
.S

.
(p

<
o.

ot
)

N
. 
S

.

N
. 
S

. 
N

.S
 .

.N
.S

. 
N

.S
.

D
f=

22

N
.S

. 
N

.S
.

D
f=

Z
j

N
.S

. 
N

.S
.

Ð
f=

23

N
.S

. 
N

.S
.

D
f=

21

N
.S

.

N
. 
S

.

N
.S

.

N
. 
S

.
N

.S
.

N
.S

r

N
.S

.

T
T

.S
.

N
n 

S
.

N
. 
S

.

N
, 
S

.

N
.S

. 
N

.S
.

Iq
.s

. 
N

.s
.

N
.S

. 
N

.S
.

N
.S

. 
N

. 
S

.

N
.S

. 
N

.S
.

N
.S

. 
N

.S
.

N
.S

. 
N

.S
.

N
.S

. 
N

.S
.

N
.S

.

N
.S

.

/+
.7

9 
.ì

(p
zo

.o
r)

"-

7,
80

 
^

(p
.<

 o
.o

1)
'-

N
.S

.

9.
5I

 
^

(P
-<

o.
ot

)"
-

N
. 

S
.

3.
tn

2 
^

(p
¿

0.
01

)"
-

5.
08

 
^

(p
<

0.
01

)"
-

l+
.ù

2 
r,

(p
<

0,
01

)'-

N
. 
S

.

N
. 
S

.

N
.S

,

N
.S

.

C
- 

=
 c

on
tr

ol
 h

as
 th

e 
sm

al
le

st
 m

ea
n 

!¡
ith

i¡ 
an

 e
xp

er
ln

en
t.



T
re

at
-

E
x¡

le
rf

.m
en

t 
ne

nt

T
À

B
IE

 X
X

V

M
oF

fÀ
III

T
 0

F
 L

A
R

V
A

E
 P

LA
C

E
D

 IN
 T

H
nE

E
 D

A
I 

0I
Ð

 Q
U

IE
N

 C
E

LI
.S

#L
O

 
C

on
tr

ol

T
hr

eo
da

y
ce

l-l

N
o.

 o
f

la
rv

ae
 p

er
tr

ea
tm

en
t

#l
L 

C
on

tr
ol

th
re

e
da

y
ce

Il

/+
8

60

25
(2

3.
5)

 2
7(

48
.5

) 
zZ

(@
.5

)

r(
Ð

.5
) 

iJ
Q

rS
.5

) 
50

(6
8.

5)
 f

i(9
2.

5)
 5

/+
(L

L6
.5

)

Ia
rr

ra
L 

m
or

ta
ltt

y 
at

 (h
rs

)
af

te
r 

gr
af

tln
g

36 36

11
(1

9.
5)

 r
4e

3.
5)

 ?
0(

67
.5

) 
25

(9
t.5

)

1(
19

,5
) 

t6
(g

l.s
) 

r9
rc

7.
5)

 z
z(

g]
-.

j)

T
ot

al
 N

o.
 o

f
ad

ul
ts

 p
ro

du
ee

d

20 6 1l L2

o¡ è-



CHAPTER VÏI

GEI\TERAL DISCUSSION AND CONCLUSTOi{S

To better understand the faetors affecting queen rearingr êx-

Periments were done in this study in such a l^Iay as to elininate aS

many variables as possible. Holrever in commercial queen rearing tech-

niques, a combi-nation of factors may be interacting at any given tl¡ne"

Therefore when making recommend.ati-ons to t,he queen producer, about the

best queen rearing procedures to follow, one nust take into considera-

tion the particular set of conditions with r¿hich he is working. In com-

merciaL queen reari-ng, the effects on the adult bees produced:

1) from larvae of d.ifferent genetic lines;

2) from larvae starved prior to grafting; and

3) from l-arvae placed in one day old queen cells (r'double graft-

ingtt) r may be such that an interaction occurs between one or more of

these factors.

The pupal and adult characteristics of bees produced from l-arvae

of dj-fferent genetic lines, are probably affected to a large degree by

the various conditions present, i,e., the starvation of young larvae prior

to grafting, or the plaeing of young larvae into one, two, and three day

old. queen ceIls" In Chapter V, experiments 4 and ó, the significant dif-

ference found between most characteristics measured. for the starvation

and control treatments in experiment 6, and. the non significant difference

between t,he same treatments in e4periment d, could be largely due to the

ability of Larvae to st'arve for short periods prior to graftingr a
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charaeteristic ir¡herent i¡ the different genetie lines (A or B) used in

the experjment.

One of the secondary objectives of this thesis was to elucidatet

r¡here possiblen the mechanisn of queen - r.¡orker differentiation. A1-

thougb litt1e data is avalIable coneerning qileon - r¡orker differentíationt

nost authors agree that queen - r,¡orker differentiation ls influeneed

either by a qualitative or quant,itative dj-fferenee (or both) in the larval

food. The grafting of young larvae int'o one, two, and three day old qusen

eells (Chapter VI, Seetion 3), presented the your¡g larvae ürith dlfferent

quantities and possíb1y different qualities of food.

Rheln (tgll) found that the exbent of ovary devalopnent had no

correlation r¡ith body size, and that ths royal jelly used in hls lneu-

bator tests did not seen to have some factor necessary for queen deter-

¡nínation. He conclud.eit that the amount of food ingested by a larva could

not be the decisive factor ln queen - worker differentiation. Haydak

(Lgt1) postulated that only the richly nourished queen larvae acquire

fulIy developed ovaries, and. that these secrete enough hormones to pro-

duce socondary sex characteristics. Rhein (1951) stated that tha forna-

tion of a quesn necessitated two phases of fesdingr a) with young qusen

larval brood f ood so that the larva was trpredeteminedrr, and b) with old

queên }arvaL brood food when the larva weighed about 2A ng; so that the

larva was f j¡ally rrdetenninedrr.
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Johansson (Lg55), in revierøing the i,¡orks of other authors, I1st'od

the following criti-cisms of the qualitatlve differential mechanism"

i) gtandular bee food is varj-abIe in composition,

i-i) the conpositlon of glandular secretions cannot be changed at

will by boes,

iii) it is not possible to assurne, as does Gontarski (L9/r9), that

the different age elassas of nurse bees provide qualitatively d'iJferent

foods to larvae of various ages and sexes, slnce Lindauer (1952), has

shown that each nurse bee seems to feed larvae of all ages.

Shuel and Dixon (1960), revlewed most of the previous literature
.l-Àe," r¿" i< .o, t.

on gueen - uorker differentiation and *åey sunmarized briefly as follows:

1. Development in the r¡orker larva occurs in tr¡o distinct phases,

delimited by the add.ition of honey to the diet by the nurse beos around

the third or fourth day of the larval stadiurn"

Z. the diehotomy between castes appears to be initiated during

the first phase and. consunrnated in the second. There is little doubt

that nutrition i¡as the najor ertrinsic factor in caste establishnent-

The identity of the díetary factor i¡itlatìng the series of events eul-

nlnating in female dimorphisn has not yet been established, ad results

of marEy rearing experi.nents strongly suggest the involvenent of a sub-

stanee which is either volat1le or unstable:

Shuel anrl Dixon (1960), also stated tbat the mode of actj-on of

the dietary faetor likewise was unknor¡n and suggested that a dlfferenee

in hornonal balance between castes is established. in early larval life

and is the intermed.iary factor linking nutrition to dinorphisn.
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Ilabowsky and shuel (L959), forrnd that there was no qualitative

difference betwoen the protein fractions of royal jelly and the r¿orker

diet which cor¡ld account for fenrale di-morphism"

S¡nith (f959), concluded that food quality as r,reIl as quantity

should be considered in respeet to differentiation, because a ruorker

Iarva normally is never wi-thout an €xeess of food. He also stated that

pol1en is not a prer€quisite to queen - r¿orker differentfation and said

that moisture, protein and fat contents increage j¡r the food of older

queen larvae but' decrease in the food of older worker larvae.

Sinpson (1961), thought that the differentiating factor ¡rust be

sought in sonething t,hat operated throughout the feedíng llfe of the larva

rather than in a ehange of diet at a particular age. He said tbat although

underfoed,i¡g i-n qusen cells could produce workers, over-feedi.ng i¡r r"¡orker

cells would not produce guoêrrs" ¡tbundance of food was neeessary for de-

velopnent of the queen but it would not of itself causs qu€en devolopment.

He concluded that if differentiation is brought about by a difference in

the feeding of the t¡ro eastes, it must be a qualitative dlffsrence.

To date no real evidenee has been presented to denonstrate the

exact nature of the mechanism of queen - worker differentiatlon. This in-

deed provides a tantaLizing area of research.

It is possible that with further research, the grafting of young

larvae into one, two, and three day oId queen ce3*ls could be used. as a

tool for investigating queen - -worker d.ifferentiatíon. If the royal jelly

present at the tj¡ne of grafting and the r.oyal jelly fed. to young larvae

after Brafting were chenically analyzod., as lre}1 as weights of royal jelty
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taken before graftiag and at i¡rtervals after grafting young larvae i¡rto

one, two, and. three day old queen colls and these data correlated r,¡ith

nea6ureaents of pupae and adults produced, further Ínfomation about tbe

process of queen - worker dj-fferentiation may be found.

0n the basis that there was no significant difference betr¡een

most pupal and adult morphological charaeteristies of quesns reared from

control larvaer ad larvae grafted into one day old glreen cells, (1'e.,

Itd.ouble graftingrrr seê page 60, e:çerirnents 6-9 inelusive), it is suggested

that r.r¡rder normal conditlons rrdouble graftinglr servês little purpose.

rrDouble graftingrt requires nore rirork, as the queen producer nust perfort

one extra graft and about an extra day is required to produce an adult

qu€en. lime faetors are eritieal in the sprlng for the queen reari¡g in-

dustry. However if starvation of young larvae prior to grafting or star-

vation of the larvae after grafting is a posslbltityr then the e¡rtra food

presont In a one d.ay old celI might give better aeceptance and produee

pupae and adults with larger external meagurements. (See Chapter

VT, Section 3t Part I).

The study of the exter.nal rnorphologj-eal measurements of pupae and

adult bees, reared fron larvae subjected to d.ifferent treatnents is only

the first in what should oventually becone a several stage study. It now

remains for someone to ¡neasure the internal morphological charaeteristics

(exanple: diameter of the speruatheea and the nu¡rber of ovarioles per

ovaÌT) of pupae anÅ./or adult bees produced. from the different treatnents*.

*A11 
"dolt 

bees
solution, in the event
be taken.

neasured 1n this thesis were pressrrre in F.A.A"
that lnternal morphological measurenents wieh to
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The final step involves the conparison of tho external and lnternal mor-

phologÍcal characteristics of pupae anð./or adults prod.ueed r"rith their

perfornance, (example: egg taying ability, rate of colony build up, size

of r,rorkers prod.uced, honey production, etc.) "s queeas in the hive. 0n1y

then ean it be conclusively stated that arry one treatnent produees higher

quality queens.



CIIAPTER VÏII

SUM{ATT

Rearing str¡dies of queen honoy bees were dono using a basle

queen rearing systsa. One box breed.er colonies were used to provÍde

young larvae for grafti:rg; celI buitder colonies, with the queen eon-

fined to the bottom box, were used to rear the larvae and to eap the

ce1ls.

Measurements r,¡ere taken of the erternal norphology of pupae and

adults producad. Ths characteristics measured were ehosen on the basis

of si.nplielty of ¡neasurem€nt, degree of accuracy, and value as indiea-

tors of dinorphie differentiation.

E:çerlnenùÊ w€re done in r"rhich three genetic lines were eonpared.

The results showed that a signifícant differenee oeeurs between genetic

Lines for most of the erternal morphological eharacteristies measured.

The weight of ths pupa was considered. to be one of the best neasurenents

for differentiating between d.ifferent genetic lines.

The effect of starvation, as shown by the external eharacterj.s-

ties of ptrpa€ and adults reared from youag larwae starved six hours prior

to graftilg, was tested. Ono e:rperiment sbowed no significant di-ffsrence

betr¿een the control (larva grafted on to 1:1 royal jelly and distilled

i¡ater mixbure) and the starvation treatnont, while a seeond experiment

shor.¡ed a signiflcant difference betr,¡oen the cont'rol ar¡ù tho starvation

treatment for nost of the cbaracteristics measured.
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A series of experinents l¡ere also done to study the effect of

placing young larvae i¡ one, two, and three day o1d. queen ce]Is.

First, tbe weight of royal je1ly exclusive of the larvae, ltas

neasured 1n one, two, ad three d.ay old. queen cells' å significant in-

crease in the weight of royal jelly in one, two¡ and th¡ee day old qussn

cells was found,.

Nert, the effeet of placi-ug young larvae in various locations on

royal jetly in queen cells, as shown by the erbernal characteristics of

the pupae and adults produced.n was tested. There was no signiflcant dlf-

ference 1n most of the exbernal characteristies of the pupae and adults

measured for the control treatnent and those of the larvae placed on the

nlnsidett, ttgutsidert, or nMíxedn royal jellies in the queen cells.

A series of enperíments were then d.one to compare the pupal and

adult charaeteristics of bees produced fron eontrol treatnents to those

of queens produced. fron larvae plaeed j-n one, two, and. three day o1d queen

cel}s" The nunber of ad.ults produced per nurnber of yor:ng larvae grafted

into three day old gueen cells was very small. Fr,¡rther enperiments wers

done to compare both pupae and adults reared fron control treatments and

from larvae plaeed in one ard two day old gueen ceIls. In nost eases

there üras no signifieant difference in tbe pupal and adult charaeteris-

tics measured between the three treatrnents. Tr¡o lator experi-nents ltore

done to eonpare the effset on larvae that were placed in three day old

gireen cells to the effect on larvae in eontrol treat¡oents, It r¡as ob-

served that wtren young larvae were placed in three day old queen cellst

the royal jelty in the ceLls boeame partially drled, uith little or no
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food being fed to the larvae by the r¡orker bees for at least 2/e hours

after graftiag, Many of the young larvae placed in three day old' queen

celIs tend.ed. to nove out of the royal jelly in the cell and this

phenomenon was thought to be at least partly responsible for the high

norbality. the unpalatability and/or the dryness of the royal jelly may

have prevented the larvae from feedlng and therefore they moved out of

the royal jelty i-n seareh of food. Tho consistency of the royal jelly

nay also have been sueh that it was physically Í.npossible in some cas€s

for the larvae to remai¡ suspended at the top of their cells in the dry

royal jeIly.

There i,¡as no signifÍcant difference in most cases, in the pupal

and adult charaeteristics measured for bees produced. from eont'rol treat-

ments and bees produced. fron placing young larvae i¡ ons day old queen

cel-ls (ndouble graftiugrr). ït is therefore suggested that under nornal

rearing conditions, nd.ouble graftingtr, which requÍres exbra work for the

guesn producer, does not prod.uce signlfieantly higher quality queens than

those reared from control treatnents.

ft is also suggested that the internal norphological measurenents

and studies of tha queenst performance in the hj-ve, should be compared

r,lith the etrternal morphological measurenents of bees reared under the

same condi-tions. 0n1y then ean tho factors affecting gueon rearing be

fully r¡nderstood..
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